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*} transform PCs into 
data-acquisition systems 
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ADVANCED MICRO DEVICES. For more information, write “29K” on your letterhead and mail to: 
PO. Box 4, Westbury-on-Irym, Bristol BS9 3DS, United Kingdom. 

Bruxelles (02-2) 771 91 42 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 * London area (04862) 22121 
Manchester area (0925) 828008 * Milano (02) 3533241 * Munchen (089) 41 14-0 * Osaka (06) 243-3250 « Paris (1) 49 75 10 10 
Seoul (02) 784-7598 * Singapore (65) 225 7544 * Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 * Taiwan (02) 7122066 

Tokyo (03) 345-8241 * Latin America, Fort Lauderdale, Florida/U.S.A. Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ffl. 

29K logo is a trademark of Advanced Micro Devices. © Advanced Micro Devices, Inc. 1988. & 


Advanced Micro 


42.000 dhrystones with a single 
32-bit RISC chip. Sustained. 
Seventeen MIPS. Real world MIPS. 
25Mhz clock speed. Fitty MIPS by 
1991. Blazing fast even with low-cost 
memory. 5x the system throughput 
of the 68030. 2x the 80960 at halt 

the system cost. 
In CMOS. On the 
shelf. Now. 


_ Acore, two caps and 
Nichrome film can't get you 
to market sooner. 


Metal film resistance. Lots of 
people supply it, but at Dale® we 
have more ways to make it work to 
your advantage. 

From the start, we'll give you more 
alternatives for fine-tuning 
resistance to your application — 
right out of the catalog. Low cost 
commercial to ultra precision. 

High power. Ultra high or low value. 
Tight tolerance. Matched sets. 
Thick film chips plus thin film chips 
and networks for surface mounting. 
MIL qualifications from MIL-R-22684 
through MIL-R-122. All guided 


Dale Can. 


by Statistical Process Control and 
Just-In-Time delivery systems. 
Whether your need is for high 
performance, high volume or both, 
Dale has the products and the 
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commitment to meet your exact 
needs for quality and delivery. 
Start saving time right now. 
Contact your Dale representative 
or phone 402-371-0080. Dale 
Electronics, Inc., 2300 Riverside 
Blvd., Norfolk, NE 68701. 


DALE. 


Dale Makes Your Basics Better 


— 


British Telecom says, 


“Fifty approvals 
fon a lab - 


Thanks DS&GV”’ 


Gavin Steven 
British Telecom/ 
Mitel Datacom 


“At British Telecom we knew 
that a single compliance 
problem could have crippled 


‘ 


our introduction and damaged our reputation. So we 
chose the best facility.’ They chose DS&G. 


No Lab Offers 
More Approvals 


DS&G offers every approval you will ever need. They 
offer a complete line of EMI, telecom, and safety cer- 
tifications. For EMI, they can get approval by the FCC, 
the Canadian DOC, the German VDE, and the Japanese 
VCCI. For telecom, they offer FCC, DOC,BABT (British), 
and JATE (Japanese) approval. For safety, they can obtain 
the marks of UL, CSA (Canada), and TUV (Germany). 


Dash Straus & Goodhue, Inc. 
593 Massachusetts Ave. 
Boxborough, MA 01719 

(617) 263-2662 

After 7/19/88: (508) 263-2662 


DS&G Does It All 


DS&G works with you all the way from initial design 
to complete retrofit. They can handle every aspect of 
your compliance program, including liason with 
government agencies. But DS&G does even more. It 
annually publishes the industry’s reference book on 
designing for compliance, ‘Compliance Engineering” 
It also consults with U.S. and foreign governments on 
developing technology and regulations. So you know 
you are getting the most comprehensive, up-to- 
date service. 


“On Time and On Budget!” 


British Telecom was particularly impressed that 
DS&G got so many approvals without any delays or 
cost overruns. Your approval program can go as 
smoothly as their's did. You can choose DS&G. Call now 
at 617 263-2662. 


Dash Straus 


SPECIFICATIONS 
MODEL 


MAR-1 
MAR-2 
MAR-3 
MAR-4 
MAR-6 
MAR-7 
MAR-8 


FREQ. 
MHz 


DC-1000 
DC-2000 
DC-2000 
DC-1000 
DC-2000 
DC-2000 
DC-1000 


GAIN, dB 


2000 Min. 
MHz (note) 
— 13.0 
11 8.5 
105.60 
— 7.0 
11 9 
10:5 85 
— 19 


© MAX. 
PWR. 


dBm 
0 
+3 
+80 
+t 
0 
+3 
¥10 


NF 
dB 


5.0 
6.5 
6.0 
7.0 
2.8 
5.0 
3.5 


PRICE 
Ea. 


0.99 
1.50 
1.70 
1.90 
P20 
1.90 
2.20 


NOTE: Minimum gain at highest frequency point and over full temperature range. 


® 1dB Gain Compression 
0 +4dBm 1 to 2 GHz 


designers amplifier kit, DAK-2 
° Of each model, total 35 amplifiers 


only $59.95 
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finding new ways... 


dc to 2000 MHz 
amplifier series 


Unbelievable, until now...tiny monolithic wide- 

band amplifiers for as low as 99 cents. These rugged 
0.085 in.diam.,plastic-packaged units are 50ohm* 
input/output impedance, unconditionally stable 
regardless of load”, and easily cascadable. Models 

in the MAR-series offer up to 33 dB gain, 0 to 
+11dBm output, noise figure as low as 2.8cB, 

and up to DC-2000MHz bandwidth. 


“MAR-8, Input/Output Impedance is not 50ohms, see data sheet. 


Stable for source /load impedance VSWR less than 3:1 


Also, for your design convenience, Mini-Circuits 
offers chip coupling capacitors at 12 cents eacht 


Size Tolerance Temperature Value 
(mils) Characteristic ; 
80 x 50 5% NPO 10, 22, 47, 68, 100, 470, 680, 100 pf 


80 x 50 10% X7R 2200, 4700, 6800, 10,000 pf 
120 x 60 10% X7R 022, .047. .068, .1uf 


+ Minimum Order 50 per Value 


setting higher standards 


Lz Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 C113-Rev. D 
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tiny SPDT switches 


absorptive... reflective 


dc [0 46 GHz from $322, 


Tough enough to pass stringent MIL-STD-883 tests, useable 
from dc to 6GHz and smaller than most RF switches, Mini-Circuits 
hermetically-sealed (reflective) KSW-2-46 and (absorptive) 
KSWA-2-46 offer a new, unexplored horizon of applications. Unlike 
pin diode switches that become ineffective below 1Mhz, these GaAs 
switches can operate down to dc with control voltage as low as -SV, 
at a blinding 2ns switching speed. 


Despite its extremely tiny size, only 0.185 by 0.185 by 0.06 in., these 
switches provide 50dB isolation (considerably higher than many larger 
units) and insertion loss of only 1dB. The absorptive model KSWA-2-46 

exhibits a typical VSWR of 1.5 in its “OFF” state over the entire frequency 
range. These surface-mount units can be soldered to pc boards using 
conventional assembly techniques. The KSW-2-46, priced at only $32.95, 
and the KSWA-2-46, at $48.95, are the latest examples of components 
from Mini-Circuits with unbeatable price/ performance. 


Connector versions, packaged in a 1.25 x 1.25 x 0.75 in. metal case, 
contain five SMA connectors, including one at each control port to 
maintain 3ns switching speed. 

Switch fast...to Mini-Circuits’ GaAs switches. 


SPECIFICATIONS 


Pin Model KSW-2-46 KSWA-2-46 
Connector Version ZFSW-2-46 ZFSWA-2-46 
FREQ. RANGE dc-4.6 GHz dc-4.6 GHz 
INSERT. LOSS (db) typ max typ max 
dc-200MHz 0.9 454 95 5 SEA IF 
200-1000MHz oO 2 eae: Be 0.91.3 
% 1-4.6GHz : Os Ra Oe tes 28 
ISOLATION (dB) typ min typ min 
dc-200MHz 60 50 60 50 
200-1000MHz 45 40 50 40 
1-4.6GHz 30 23 30 25 
VSWR (typ) ON 1.3:1 13 
OFF — 1.4 
SW. SPEED (nsec) 
rise or fall time 2(typ) 3(typ) 
MAX RF INPUT 
(bBm) 
Mas. up to SOOMHz +17 +17 
finding new ways... above 500MHz 497 497 
1 SUS ees ss sf CONTROL VOLT. —-5Von, OVoff —5V on, OV off 
MINI Circuits OPER/STOR TEMP. -55° to +125°C. -55° to +125°C 
= PRICE (1-24) $32.95 $48.95 
A Division of Scientitic Components Corporation 
PO. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 fag seis 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
C 117 REV.D 
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SPECIAL REPORT 
PC-resident analog-I/O cards 150 


Various affordable personal computers make it easy to implement ac- 
curate and inexpensive A/D and D/A conversions. The ever-expanding | 
choice of analog-I/O plug-in boards provides compatibility with the 
IBM-standard PC/XT, PC/AT,.and PS/2 Microchannel buses, as well as 
with the Macintosh II Nubus.—Bill Travis, Contributing Editor 


DESIGN FEATURES 
Multibus II computer-board directory 169 


System architecture, operating systems, software-development sup- 
port, and product lifetime all play a part in choosing a backplane bus 
So . | for a computer system. If you choose Multibus II, you can find com- 
On the cover: The list of suppliers of puter boards for all the main functional areas—central processing, mass 
analog-1/O cards for personal computers storage, communications, graphics, and industrial I/O—to ease your 


as expanding in response to the acceptance  make-versus-buy decisions.—Peter Harold, European Editor 
of PCs in the engineering workplace. See 
Pg 150. (Photo courtesy Data 
Translation Inc) 


Use power FETs to design 19] 
ac-line power choppers 


Simple drive circuitry, high-frequency capability, and ease of parallel 
operation make power FETs an excellent choice for use in power-line 
controllers. You can use power FETs to design the power circuitry of a 
29-kHz switching controller that can handle 10A from the 110V ac 
mains over the full 0 to 110V range.—Tom Visel, VLSI Technology Inc 


{ 


Time-domain analysis of aliasing 207 
helps to alleviate DSO errors 


By thinking in terms of the sampling rate rather than the Nyquist 
frequency, you'll get a better feel for how a digital storage oscilloscope 
may be altering your data. Undersampling results in aliasing, a long- 
feared problem but one that’s not difficult to overcome using certain, 
simple techniques.—Jack Collins and David White, Tektronix 


Circuit testability is critical for product success 219 


Short time-to-market, increased performance in less space, and lower 
costs are the watchwords in today’s rapidly evolving design environ- 
ment. Io meet these challenges, designers and those who supply them 
with the tools to do their jobs must ensure that their circuits can be 
tested quickly, efficiently, and economically.—Jon Turino, Logical 
Solutions Technology Inc 


Continued on page 7 
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A NEW WORLD OF 
HIGH POWER FLEXIBILITY 


Westcor’s PowerCage™ and PowerCards™ comprise a 
modular power supply system of galactic power (7200 watts 
max. ), flexibility (36 outputs max.) and efficiency (80% 
typ.). More like an expandable computer mainframe in de- 
sign and concept than a standard high power supply, the 
PowerCage offers space-age alternatives to users of outdated 
5x8x11 inch box switchers. 

Measuring 19x10.5x11.25 inches deep the PowerCage fits 
into a standard NEMA rack and powers 18 slots for single or 
dual output PowerCards or dummy cards. PowerCage 
backplanes provide connections for easy configuration by 
the user. 

Low profile (.8”) PowerCards supply single outputs from 
2 to 75 VDC at up to 400 watts (outputs from 2 to 5 VDC 
limited to 60 amperes). Dual output cards source two 
isolated outputs each at half of the above ratings. Single out- 
put cards can be paralleled with current sharing to provide 
kilowatts via simple backplane configuration. 


The nucleus of each PowerCage system is Westcor's pat- 
ented 1 MHz, high power density, high reliability converter. 
Consider these benefits and features: 208 VAC 3 phase input; 
remote/local sense on all outputs; TTL power good signal 
and status LED’s; designed to meet UL, CSA and VDE safety 
requirements; TTL inhibit; over-temperature, over-current, 
over-voltage protection; “hot” card insertion; full power at 
50°C. 

Future options include: DC input; IEEE-488 programmabil- 
ity; fault tolerant operation and battery backup. To discover 
a new world of high power flexibility, please contact us. 


WESTCOR CORPORATION * 485-100 Alberto Way * Los Gatos, CA 95032 * (408) 395-7050 + FAX (408) 395-1518 » TWX 910-240-2108. 
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Continued from page 5 N 


TECHNOLOGY UPDATE 


As brushless dc motors decrease in cost, 69 
designers find them much more practicable 

Brushless dc motors, long ignored by system designers except for ap- 
plications with stringent or special requirements, are now expanding 
their niche.—John Gallant, Associate Editor 3 
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Brushless dc motors have always boasted bona: ee d = 7? hics use SP ae : 
many advantages; one disady antage, versity In ta-compression evices 
though, has always been cost. Today, the The increasingly pervasive use of graphics has generated a need for 
cost differential between brushless and the efficient transmission and storage of graphics images—two tasks for 
brush-type de motors has decreased which data~compression techniques are well suited —J D Mosley, 
(pg 09). Reoj 
egional Editor 
The deterministic character of Arcnet 101 


proves ideal for the factory floor 

Today, with approximately 1,000,000 Arcnet nodes in service, Arc- 
net is a significant networking standard, yet compared with Ethernet it 
remains relatively unknown.—Doug Conner, Regional Editor 


Buscon/88 East will stress emerging trends 115 
in computer-bus technology 

For those of you who seek information on just about any aspect of 
computer-bus technology, Buscon/88 East is the show to attend. 
—Joan Morrow, Assistant Managing Editor 


PRODUCT UPDATE 
94-in., 488M-byte, optical WORM drive | 125 
7 ae Nubus interface chip set 128 

EDN magazin P 
a 7 poaeee Programmable waveform recorder 130 
now offers oS 

Bes Hoa Programmable logic device 132 
; be a Se LabView upgrade 134 
PEO PVCRICUE Way ASIC-verification system 136 


to retrieve product 


information by DESIGN IDEAS 
phone. See the 


dk SER: Stimulater provides constant current 235 
i seis gate eneeeas Diagrams convert optical units 237 
Card id the front Fast algorithm determines priority 237 
for details On how SR latch design minimizes macrocells 240 
to use this free Algorithm finds bit’s value in decimal 240 
SCIFVIce. Continued on page 9 
Cahners Publishing Company, A Division of Reed Publishing USA C1 Specialized Business 
Expr €SS I i ii Magazines for Building & Construction 1] Manufacturing 1) Foodservice & Lodging 
Request L] Electronics & Computers CH Interior Design OF Printing 0 Publishing (] Industrial Research 
& Technology () Health Care (1) and Entertainment. Specialized Consumer Magazines: 


(J American Baby (J and Modern Bride. 
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LOGIC SYNTHESIS GIVES YOU 


MORE DESIGN CHOICES. 


FutureDesigner™ gives you more 
choices than any other design entry 
software—choices in how you enter 
your design, in target technologies, 
and in design output. And only 
FutureDesigner uses logic synthesis 
to automatically turn your input 
choices into your output choices, 
optimizing and streamlining your 
design for the technology you select. 


CHOOSE THE DESIGN ENTRY METHOD. 
Only FutureDesigner lets you 
describe your design in the easiest, 
fastest, most natural way. You can 
enter some functions structurally, 
using DASH schematics. Others can 
be described behaviorally with any 
combination of truth tables, state dia- 
grams, or high-level logic equations. 
Interactive verification and design 
rule checking help you catch errors 
up front, as you design. 


CHOOSE THE TARGET TECHNOLOGY. 
FutureDesigner is technology inde- 
pendent. After you've described your 


Choose the platform: FutureDesigner runs on 
80386 and 80286 machines, IBM® personal 
computers, and the Sun-3 Series. 


design, you can choose any mix of 
TTLs, PLDs, LCAs, gate arrays, or 
other ASIC devices for implementa- 
tion. It’s also easy to migrate designs 
from one technology to another—for 
example, from TTL to PLD, PLD to 
LCA, or PLD to gate array. ~ 


CHOOSE THE OUTPUT FORMAT. With 
more than 100 DASH-Partners pro - 
viding a broad range of comple- 


Data I/O Corporation 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746, U.S.A. (206) 867-6899/ Telex 15-2167 

Data I/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1V2 (416) 678-0761 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands + 31 (0)20-6622866/Telex 16616 DATIO NL 
Data I/O Japan Sumitomoseimei Higashishinbashi Bldg., 8F, 2-1-7, Higashi-Shinbashi, Minato-ku, Tokyo 105, Japan 


(03) 432-6991/Telex 2522685 DATAIO J 


©1988 Data !/O Corporation 
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mentary products and services, Future- 
Designer's industry-standard format is 
accepted virtually everywhere. When 
you design with FutureDesigner, you'll 
have more choices in technologies, 
CAE systems, foundries, and service 
bureaus. 


CHOOSE FUTUREDESIGNER WITH LOGIC 
SYNTHESIS. With its unique logic syn- 
thesis capabilities, FutureDesigner 
reduces and factors your design, elim- 
inating redundancy and improving effi- 
ciency. It optimizes for the particular 
technology you've selected, making 
the necessary speed/size trade-offs. 
Then it generates the schematics, net 
lists, or JEDEC files for programming 
PLDs. Automatically. 

Call us today for more information. 
Find out why FutureDesigner is the 
design entry software of choice. 


1-800-247-5700 
Ext. 131 


Net 


A Division of Data I/O Corporation 
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) and IMS are trademarks of the INMOS Group of Companies. 
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THE IMS A100 
CASCADEABLE SIGNAL PROCESSOR 


Using pulse compression to improve range resolution, a 
modern radar system compares signals transmitted to and 
retlected from a target. 

A typical system may use a pattern 512 samples long, 
collected at a data rate of 2.5 MHz. 

This requires more than a billion multiplications a second! 

Yet the INMOS Al00 Cascadeable Signal Processor 
enables a pulse compressor with this capability to fit a circuit board 
half the size of a typical PC card and dissipates less than 30 Watts. 

A combination of pertormance, low power dissipation and 
reduced board area that means significant reductions in systems 
costs. Equally impressive results are found in applications such as 
beamforming, filtering and image processing. 

Whatever DSP area you are in the INMOS IMS Al00 
processor is the only serious contender. 

The following features show why the IMS Al00 signals a 
whole new era in DSP. If you would like more information, clip the 
coupon today. 


Full 16 bit, 32 stage, transversal filter m 36 bit internal precision 
Block floating point support m Complex number support 
Easy to control from most ordinary and DSP microprocessors 
Data throughput to IO MHz m Power dissipation 1.5 Watts 
Fully static CMOS implementation m 84 pin Ceramic PGA 
and Cerquad Packages m MIL-STD-883C processing available 


IMS Al0O 100 x IMS Al00 


[satel T@CQMMUNIEATIONS | 
[|__| Tahar anfoisonann 
| finns frocesgins | 


100 1.000 10.000 100.000 
MILLION MULTIPLICATION'S PER S26 OND 


yinAmMos 


INMOS, 1000 Aztec West, Bristol. Tel. (0454) 616616. 


Colorado, USA-719-630-4000 Munich, Germany - 089-319-10-28 
Paris, France - 1-46-87-22-0 Tokyo, Japan - 03-505-2840 


cahashenterinlentententertertateviantevtentantantententestenten | 


Please send me information on the INMOS DSP family. My main area of interest is 


Sonar Comms Radar Imaging Other (please specify) | 
EDN091588 i 
[ Name io. ite Sa ee et Nite. 

i Company Address i 
PADS oie ost oes ce | 


ee ee ee ea 


CIRCLE NO 110 


How the fa 


Our new 75ns PAL® device isfast ure it yourself means you can get exactly 


enough to prove that standard logic what you want. 
shouldnt set the standard anymore. If you want to redesign some- 
Its also fast enough : thing, you change the 
to finally let today’s new Paka | PAR ee oe 
microprocessors run atthe | MS RAST) AB: SOevice” «| Gee | 
speeds for which they were | ps => 80 0075 Not only is this the 
Nes tas iae oh m0 D110 15075 fem on e get ~ 
aising your standard. registeri.atch speed logic, it's also the 
How fast would you vi ee Si most practical. One 75ns 
like your standard logic? BS geese ED) | BO ORD PAL device replaces 
How about faster Counters bc ee two to six standard TTL 
than any TTL logic around? parbeer mor 110 435. ae devices. 
Pven BAG” Or AS? YOUVE) Gactic: 200. “iba “alac ses os Which cuts down 
got it with the 75ns PAL on board size. 
device. And cuts down chances for a 


And the fact that you canconfig- — device failure 
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What to give the microprocessor 


that has everything. 

We suggest the first PAL device 
that can keep up with it. 

The 75ns PAL device runs at 74 Mhz. 
It can deliver the speed the new high per- 
formance microprocessors need. 

Processors like the 29K, the 386 and 
the 68030. 


This PAL device delivers 25% more | 


speed than any other PAL device. 
We even have the fastest 22V10. 
Our I5ns 22V10 runs at 50Mhz. Thats 
lOns faster than anyone else on the mar- 
ket. And it lets you run at twice the rate 
of the new 25Mhz microprocessors. 
Weve been shipping 20 pin 1Ons 
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PAL devices for eighteen months. And 
now you can get the new 24 pin 1Ons PAL 
device as well. 

Theres plenty of service and sup- 
port to get and keep your project moving. 
And all our fast PAL devices are available 
in volume when you need them. Now, for 
example. 

For all the facts about our fast PAL 
devices, drop us a line 

Because you can never be too fast. 


Advanced Micro Devices c1 
Monolithic Memories ti! 


For more information write 75ns PAL device’ on your letterhead and send to: 
P.O. Box 4, Westbury-on-Trym, Bristol BS9 3DS, United Kingdom. 
Bruxelles (02-2) 771 91 42 * Hannover area (0511) 73 60 85 * Hong Kong (5) 8654525 « London area 
(04862) 22121 « Manchester area (0925) 828008 * Milano (02) 3533241 « Munchen (089) 41 14-0 « 
Osaka (06) 243-3250 « Paris (1) 49 75 10 10 * Seoul (02) 784-7598 « Singapore (65) 225 7544 « 
Stockholm (08) 733 03 50 « Stuttgart (0711) 62 33 77 * Taiwan (02) 7122066 « Tokyo (03) 345-8241 « 
Latin America, Fort Lauderdale Florida/US.A. Tel: (305) 484-8600 Tlx: (510) 955-4261 amd ftl. 
PAL is a registered trademark of Advanced Micro Devices, Inc. FAST is a trademark of National 
Semiconductor Corporation. ©1988 Advanced Micro Devices, Inc. 
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Only HP can put real teeth into faster 


Test development and execution 
speed. We know they're your top pri- 
orities. HP BASIC,* combined with our 
range of controllers and instrumenta- 
tion, is the answer. Even if you're 
running on MS™DOS or the UNIX™ 
operating system. And of course, its all 
backed by HP's measurement expertise, 
and the product reliability you've come 
to count on from an industry leader. 


HP BASIC: Optimized 
for instrument control. 


It's no secret that a critical element 
of automated instrument control is 
fast development time. That's where 
HP BASIC really shines. With power, 
versatility and ease of use. We invite 
you to find a better instrument control 
language. 

A few examples: 

@ Fast program development with 
interactive editing, syntax checking 
and the ability to search and replace 
* Sometimes called Rocky Mountain BASIC or BASIC 5.0. 
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strings, or move blocks of code easily. 
@ Optimized for I/O with advanced 
constructs to simplify otherwise com- 
plex tasks. Interrupts, high speed data 
transfers, automatic data formatting 
and branching on events can all be 
handled easily. Since HP BASIC was 
designed for instrument control, these 
capabilities are integral, not tacked on 
as an afterthought. 

@ Structured programming lets you 
make your program modular with 
independent subprograms which 

can be re-used in other applications. 
Constructs like CASE statements, 
IF-THEN-ELSE, WHILE, REPEAT- 
UNTIL and LOOP are useful for rapid 
program development and invaluable 
for program maintenance. 

@ Powerful computation lets you take 
advantage of a full range of matrix 
manipulations such as multiplica- 
tion, inversion and scalar operations. 
HP's complex number implementa- 


tion allows for powerful arithmetic 
Operations. 

@ Graphic capabilities are simple to 
program, yet powerful. One program 
statement can draw axes or grids, a 
second will plot your data, a third will 
label your plot and a fourth will provide 
a permanent copy. 


HP Controllers: The right 
horsepower for the job. 


Hewlett-Packard provides a wide 
range of instrument controllers and 
operating systems to meet your per- 
formance needs, allowing you to 
choose the most cost effective control- 
ler for your job. 

Just look: 

@ Personal computers; the HP BASIC 
Language Processor allows you to use 
HP BASIC on the world's most preva- 
lent operating system, MS DOS. It's 
available for the HP VECTRA or the 
IBM PC-AT: 
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2st development. 


Zi se gaits controllers up to 4 MIPS, Trim more time: 
HP's Series 300 controllers provide a | . 
dedicated, high performance system Deal with the pros. 
for maximum I/O throughput. Our sales, service and support 
@ HP-UX workstations. HP BASIC will team can get your test up and running 
also be available for use in the Series when time is of the essence. With over 
| 500 instruments, 
sel ohn HP is the recog- 
nized industry 
leader in test and 
measurement. 
Call HP for 
_a free video. 
1-800-752-0900, 
Dept 215R 
Ask for our free videotape 
mentation combines the ease-of-use on HP BASIC or a brochure on HP 
and performance of HP BASIC with instrument controllers. Learn how 
the full networking, multitasking and Hewlett-Packard can help you cut test 
windowing capabilities of the UNIX development time significantly. 
operating system. 
No matter the controller demand, 
HP makes it in the optimum package. © 1988 Hewlett-Packard Co. El 15814/EDN 
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Everything you need 


to design-in high-speed op amps. 
For the price of a stamp. 


OUR NEW VIP™ 
OP AMPS MAKE DESIGNING 
EASIER 


Built with National’s exclusive 
vertically integrated PNP (VIP) 
process, these new amplifiers 
couldn't be easier to design with — 
even for the novice. 

You can use them to develop 
new designs never before practical. 
Or to enhance old designs for very 
little cost —in dollars, power, or 
real estate. 

And we'll send you everything 
you need to get started — including 
‘a free sample. So you can see for 
yourself just how easy it is. 


HIGHER SPEEDS, LESS POWER 


These new op amps feature 
slew rates of 300 V/us and gain- 
bandwidth products up to 750 MHz. 

And they do so without complex, 
expensive, and power-hungry 
dielectric isolation techniques. 


© 1988 National Semiconductor Corporation 
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VIP op amps require no more 
power than traditional op amps. You 
can even use the same type of 
circuit-building techniques — with 
very little supply bypassing. 

Because of their unique low 
power dissipation, you can easily 
fit them into predominantly digital 
systems without special analog 
power supplies. 

Our exclusive VIP process and 
device layout give them excellent 
stability. They Il drive a 330 pF 
capacitive load — or any other 
size — with no oscillation. 

The LM6361 is unity gain stable, 
the LM6364 stable for gains above 5, 
and the LM6365 for gains above 
25. We also offer two VIP buffers. 


LOWER COST 


Not only are VIP op amps easier to 
design with than comparable de- 


vices but they cost less than a fourth 


as much.They are not made with 
expensive processes. Nor are they 
packaged in expensive packages. 

Instead of TO-3s, they are pack- 
aged in ordinary 8-pin mini-DIP 
or surface-mount packaging. 


They re ideal for video output 
stages, data communication sys- 
tems, graphics systems, local area 
networks, and sample-and-hold 
circuits. 


MORE CHOICES 


In addition to VIP National offers 
no less than four other major op 
amp processes — bipolar, BI-FET; 
CMOS, and hybrid. And each 
category contains many variations 
and subprocesses, so that you 
can choose the optimum building 
blocks for your application. 


SEND FOR YOUR 
FREE SAMPLE KIT TODAY 


All you have to do to get your free 
VIP sample kit is to return the cou- 
pon below. Or—if you don't have 
the price of a stamp — simply give us 
a call, toll-free, at (800) 252-4488, 


@ext 732. 
V-VA National 
Semiconductor 
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Please send me my free VIP sample kit with comprehensive data. 


Name 
Company 


~ Address 


City 
ADTLO3 FK12000 EDN 


State 


Title 
Phone 


Zip 
EDN091588 


Mail to National Semiconductor Corporation, Inquiry Processing Center, 


PO. Box 6458, Torrance, CA 90504-9953. 


ome Rosetta Stone, discovered in 1799, 
Sm was the key to deciphering the hiero- 
} glyphics that had been incom- 


Signal processing, when you come right down to 
it, is multiplication, addition, subtraction and stor- 
age. Doesn't sound very exciting. 

But put together a set of building blocks that do 
those simple operations with almost unimaginable 
digital speed and precision. Then add A/D con- 
verters that bring in information from the world 
around you. Plus D/A converters that restore the 
digitally processed signals to a form your senses 
can understand. 

And you've built a signal processing system that 
will enable you to do things that couldn't be done 
before, see things that couldn't be seen before and 
understand things that could never be understood 
before. 

That's exciting. And we can help make it happen. 


Complete systems solutions. 
Our approach to signal processing is simple. 
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prehensible for centuries. 


We've taken our unparalleled experience in data 
conversion and added to it a set of signal 
processing chips that perform operations that used 
to require entire circuit boards. 

Here's a sample of what they can do for you: 

ISP 9110 12-Bit Microprogram Sequencer: expanded 
33 word stack, 50 ns minimum cycle time. 

ISP 9119 FIFO RAM Controller: uses standard 
RAMs to build FIFOs up to 64K deep, 15 MHz 
operation. 

ISP 9128 FIR Filter Controller: implements 16-bit 
filters to 128 Taps, 128 Tap sampling rate of 
100kHz. 

ISP 9210 16x16 Multiplier Accumulator: innovative 
high-speed architecture (65 ns commercial, 75 ns 
military), low-power operation. 

ISP 9216 16x16 Multiplier: low-power, industry- 
standard compatible to AM29516 and MPYO16. 

ISP 9520/21 Pipeline Register: high-speed access, 
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output selectable from any register. experience in radar, sonar, medical imaging and 
With devices like these, we can give you a total other demanding DSP applications. 

integrated signal processing solution. Plus the If worries about complexity and cost have 

added benefits of single-vendor support and pack- _—‘ deterred you from taking the exciting step into 

age pricing. digital signal processing, call us. Together, we'll 

eu step into the future. 

Position yourself for the future. For more information, contact your local GE 
Signal processing is changing every day. Solid State sales office or distributor. Or call toll- 
That's why you need more than a signal proces- _ free, 800-443-7364, extension 30. 

sing supplier who has a few good parts. In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 


You need a long-term partner who has a commit- 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
General Electric Company, U.S.A. 


ment to signal processing, and the resources in 
every area that signal processing calls upon. 

For example, the chips of tomorrow will very 
likely combine signal processing, data conversion 
and high-speed logic. When you work with us, 
you'll get our Intersil expertise in processing and 
conversion. Plus our RCA Advanced CMOS Logic 


capabilities. Plus the more than 20 years of GE 
EDN September 15, 1988 
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_ ary-scan scheme. 


(1000) for HCT15000-based designs and $400 to 
signs, depending on the — of e ac J leas ne 


. single-shot transients. ion samples | : 


tems. The C2100, a single-channel system for bench 


gard and a set of software tools that convert the Ma 
workstation. The MacDSP package includes a board b 


data, stored on disk. To perform analysis of real inco 


a version. —Maury Wright | 


a ercdls cencnceteias Ic 3 REPLACES 
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of serial-scan test features into your ASIC desig 
radiation- hardened, 15, 000- gate iguanas supp: 


(test and measurement) pus In additi yn to suppo! 
_VHSIC T&M bus, the macrocell library for the c 
_ provides I/O Wipes © cells that E eePPe the JT 


The company anvelosen both co arrays for mi: 
 Adders implemented with either product compute 
88-bit result in 11 nsec. NRE charges for the HCT 

$50,000 to $70,000 and $50,000 to $90,000, res: 


| : evel. —Steven - Leibson 


‘DIGITIZER RESOLVES s 800-MHs, N 
‘LeCroy Corp (Chestnut Ridge, NY 
digitizer that provides 11-bit resol 


+ digitizing repetitive signals, provides: 14-dit resolut 
shot resolution exceeds by a factor of more than tw 

- the best 1-GHz- -sampling digitizer available until no 
controller are modules that plug into several of the 
frames. They make it simple to config ure multicha: 


: ee -emulation software and | sells : for die ion 450. Bde 


MACINTOSH II ADD-IN CARD aN D ) SOF TW. A R: 
Spectral Innovations (Sunnyvale, CA, (408) 734-13 


: menu-driven DSP software that can perform FFTs, | 
averaging, and many other signal progesaing t funct 


signal-processing capabilities to real-time incomin ad 


: data-acquisition card to the MacDSP. The 16-bit Ci d. 
the company offers the MacDSP in speed grades Te) 
cost $2249 and $2745, especie gh Arou 


The DP84735 floppy-disk-controller chip incorpo 
: write-precompensation and PLL circuitry, 40-mA d d. 
| bus-interface buffers that : allow the oe to link ~ 


EDN September 15, 1988 


Why our high performance 


22V10 PLD is the market 
leader: 


CPU CARD ADDS LOW-COST rot CHANNEL TO VME BUS SYSTEMS 

By adding a daughter-board STE Bus interface to 10 Inc’s 68020-based V68/32 CPU. 
card, Arcom Control Systems Ltd (Cambridge, UK, TLX 940 16424) can provide you 
with an intelligent, low-cost I/O subsystem for VME Bus computers. In comparison 
with using VME Bus 1/0 cards, Arcom estimates, using the STE Bus as an I/O subsys- 
tem can cut I/O cost by as. much as 50%. Alternatively, you can use the CPU and 
daughter-board combination (which Arcom sells as the VSCO20 for £1380) to add 
52-bit processing power to STE Bus systems. The CPU card’s 68020 wP can access the 
1M byte of STE Bus memory space, and 4k bytes of STE Bus I/O space, via the STE 
Bus interface on its P2 connector. An STE Bus arbiter on the daughter board lets 
you install additional bus masters on the STE Bus, and a 16k-byte dual- ‘port window — 
in the CPU card’s onboard RAM allows mailbox-type communication be’ tween these — 


_ §TE Bus masters and the 68020 wP. The CPU card includes as ‘much as 4M bytes of 


onboard RAM 


. , two serial I/O channels, a 16-bit counter/timer, and a full 32-bit VME 
Bus interface. “The board runs the OS-9/68k operating system, for which Arcom can 
provide software drivers for its oe of STE Bus I/O cards. —Peter Harold 


PORTABLE pier A J STORAGE OSCILLOSCOPE COSTS UNDER £ 1800 

- The Model 400. 2- channel digital storage oscilloscope from Gould Electronics’ 1 
strument Systems Div (ford, UK, TLX 263785) has a sample rate of 100M sam. ples/sec 
for single-shot waveforms and uses random time sampling to acl Lieve an equivalent — 


sampling rate of 500M samples/sec for repetitive waveforms. The inputs are digitized . 


to 8-bit resolution. Selling for £1795, the oscilloscope features pre- and posttrigger 
trace capture, trigger delays of as much as 5000 sec, on-screen trace-measurement 
cursors, nonvolatile storage for multiple traces, and an auto-set facility that you | 
can use to select. appropriate timebase and amplitude resolutions. The pe eae! 
weighs 5.5 kg and operates from 45- to 400-Hz ac line supplies or from a 12 tc | 
dec supply. An RS-423 interface allows you to send trace information to. ees 
plotter or computer. For unattended operation, you can program the pall ena G | 

to send out only traces that are of significant interest. The Model 400 will] be avail 
able in the Us curing? the dae quarter of 1989. —Peter Harold | . 


16k x 4-BIT STATIC RAMS INCORPORATE ADDRESS AND DATA LATCHES 
The TROC1640. and TROC 1643 are 16k xX 4-bit static RAMs from Triad Semiconductors 


(Eygelshoven, The Netherlands, (31) 45-467878; in the US: Colorado Springs, CO, (719) | a : 
528-8574) whose on-chip address and data latct nes permit you to implement a pipelined oS 


memory subsystem without additional circuitry. ‘The address latches free up - 
tem’s address bus early in rang transfer oo and the ee data latches extend 
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WANT TO TALK SCSI? 
CALL CIPRICO AT 
1-800-SCSI-NOW. 


Why talk SCSI with Ciprico? To start 
with, we’re the only vendor with a complete line 
of high-performance SCSI host bus adapters 
for Multibus® I, VMEbus, and Multibus II. Each 
board was designed to optimize performance 
with its system bus. And consider our experience. 
Ciprico has over 50,000 boards installed world- 
wide. Our design expertise provides you with the 
highest possible performance at the lowest 
possible price. 

But that’s not all. Ciprico has 
respondability. We have the largest staff of 
customer support engineers in the industry to 
help you resolve any integration problems. Plus 
software drivers for all major operating systems. 

Our SCSI adapters are all based on 
an 80186 microprocessor, providing a command 
queuing, pass-through SCSI command soft- 
ware interface. Each board supports SCSI 
disconnect/reconnect and asynchronous and 
synchronous transfer rates of 2MB/s and 5MB/s 
respectively. And a floppy port is optional 
for cost effective system design. 

So if you’re currently designing a system SS : 
based on Multibus I, VMEbus, or Multibus II, RIMFIRE3510 | & ie tee 
give us a Call to talk SCSI. eee for) ars a oe 
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2955 Xenium Lane Sessessee® 
Plymouth, MN 55441 


SETHE TTSS® 


CIPRICO LISTENS. AND RESPONDS. 
RIMFIRE 1500 —— RIMFIRE 2500 
SCSI Adapter for F : SCSI Adapter for 
Multibus® I Fd Multibus® II 


Multibus is a registered trademark of Intel Corporation. 
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rugged plug-in 


te TO 4000MHz from $1378... 


Tough enough to meet full MIL-specs, capable of operating over a wide -55° to +100°C 
temperature range, in a rugged package...that's Mini-Circuits’ new MAN-amplifier series. 
The MAN-amplifier’s tiny package (only 0.4 by 0.8 by 0.25 in.) requires about the same 
oc board area as a TO-8 and can take tougher punishment with leads that won't break 


off. Models are unconditionally stable and available covering frequency ranges 0.5 to 
500MHz and 0.5 to 1000MEHz, and NF as low as 2.8cB. 


Prices start at only $13.95, including screening, thermal shock -55°C to +100°C, 


fine and gross leak, and burn-in for 96 hours at 100°C under normal operating 
voltage and current. 


Internally the MAN amplifiers consist of two stages, including coupling capacitors. 
A designer’s delight, with all components self-contained. Just connect to a dc 
pm supply voltage and get up to 28dB gain with +9dBm output. 


The newMAN-amplifier series... 
another Mini-Circuits’ price/performance 


breakthrough. 
FREQ. 
RANGE GAIN MAX. NF DC PWR PRICE 
(MHz) dB OUT/PWRt dB 12V, $ ea. 
MODEL f, to fy min flatnesstt dBm (typ) mA (5-24) 
MAN-1 0.5-500 28.0 8 45 60 13.95 
MAN-2 0.5-1000 19:15 if 6.0 85 15.95 
MAN-1LN — 0.5-500 28 1.0 8 28 60 15.95 
©MAN-1HLN~ 10-500 10 08 15 Soh 70 15.95 
++ Midband 10f, to tuys: + 0.5dB + ldB Gain Compression ©Case Height 0.3 In. 


Max input power (no damage) +15dBm; VSWR in/out 1.8:1 max. 


finding new ways... 
setting higher standards 


CJ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 6201 56 
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tough 


attenuators 


one-piece design defies rough handling tom 


Each unit undergoes high-impact shock test 
Unexcelled temperature stability, 002 dB/°C 
2W max. input power (SMA is 0.5W) 

BNC,SMA and N models (TNC, consult factory) 
Immediate delivery, one-year guarantee 


e 50 ohms, dB values, 

1,2, 3,4, 5,627, 8 910; t2; 45,20; 30, and 40 
e 75ohms dB values, 3, 6, 10, 15, 20 BNC only 
e Price (1-49 qty.) 

CAT (BNC) $14.95 SAT (SMA) $17.95 

NAT (N) $19.95 


finding new ways... 
Setting higher standards 


A Division of Scientific Components Corporation 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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(1-49) 


> 


Atten. Tol. 
+; 


Atten. Change, (Typ.) 
over Freq. Range 


DC-1000 | 1000-1500 | DC-1000 MHz {1000-1500 MHz 
DC-1500 MHz 15 


*DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models) 


Model Availability 
SAT (SMA) CAT (BNC) NAT (N) 
Model no. = a series suffix and dash number of attenuation. 
Example: CAT-3 is CAT series, 3 dB attenuation. 


only $7.95 (1-24) 
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 
BNC (model BTRM-50), TNC (consult factory) 
SMA (model STRM-50), N (model NTRM-S0) 
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“Some people 


at Motorola 
are always loo 
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for troub 


j.“Pat” Lamer 
Manager, Customer Relations and 


inistration 


Special Systems Adm 


The typical VME manufacturer—like anybody 
else—doesntt like to hear complaints. I suppose that’s why 
people are often amazed at how much effort Motorola 
puts into getting feedback—good, bad or indifferent—on 
how were doing. 


Responsiveness starts with listening. 
At Motorola, we go out of our way to find out 
exactly how our customers feel about our product quality, 
service and support. We 
use numerous 
techniques 


‘ 
Le oO g 
; 3 ; 
Seay MKS 
See! 


A 
S 


bs 


to do this, including written surveys, telephone inter- 
views, direct monitoring at a number of customer sites, 
and impromptu field audits. Then we feed back the 
results to every level of Motorola management. 


Technical support has the answers. 

As systems get more complex, customers tell us 
it’s essential to have technical backup teams for trouble- 
shooting on the spot. That’s why we have Field Appli- 
cations Engineers available at over 100 Motorola sales 
offices worldwide. Both before and after the sale, they 
get the answers customers need on everything from con- 
figuring a system to finding the right software package. 
And with our worldwide Industrial Distribution Network, 
we help OEMs meet time-to-market pressures through 
local sales, inventory and development support. 


Service continues in the field. 

Once a product is installed, we continue to support 
it through our Field Service division. With over 800 
employees in hundreds of cities nationwide, FSD helps 
our customers find the level of service that’s right for 
them—from simple parts repair and exchange to full on- 
site maintenance. | , 

Building OEM systems today takes more 
teamwork. And let’s face it, Motorola has all the depth 
required with more high-quality products, more sales 
and technical support, more application development. 
tools, and more comprehensive field service. That's 
what being the leader means. _ 


MOTOROLA Microcomputer Division 


Approaching our technology from your point of view. 


CIRCLE NO 119 


.. For reprints of this series, call 

; 1-800-556-1234, Ext. 230; in 

California, 1-800-441-2345, 
. Ext. 230. Or write: 

® Motorola Microcomputer 

Division, 2900 South 

Diablo Way, Tempe, 

AZ 85282. 


© 1988 Force Computers, Inc. 
Running Start and VME/PLUS are trademarks of Force Computers, Inc. UNIX is a trademark of AT&T. VxWorks is a trademark of Wind River Systems, Inc. pSOS is a trademark of Software Component Group, Inc. 
VRTX32 is a trademark of Ready Systems, Inc. C EXECUTIVE is a trademark of JMI Software Consultants, Inc. 
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VME project | 


ning s 


Introducing 
Running Start from 
Force Computers. 


It's a package deal. 

The deal: Now you can integrate 
your VME hardware and software in a 
fraction of the time it used to take. | x 
And start writing application Ue EE 
software months ahead 
of your competition. 

The crag —<— 


the first i Les 
integrated software 


perfect complement to our VME/PLUS" 
line of high performance products. 

Running Start comes complete with 
board I/O drivers, diagnostic and test 
code and complete documentation. 
More importantly, you also get a 

- consistent programming interface 
across the Force VME line. 

With Running Start you can integrate 
your target system with our VUEPROM 
software, a real-time, multi-tasking 

kernel resident in EPROM. It makes 


With Running Start and your favorite 
development environment, such as PCs 
or UNIX workstations, you 
can quickly develop your 
applications with VMEPROM 
and third-party software, 
including VxWorks, pSOS, 
VRITX32 and C EXECUTIVE. 
Thanks to all these 
options, it's unlikely 
you'll ever again 
_ be bogged down 
~ with integration 
~ problems. But if you 


+ 
Ses > 


7 are, there’s a whole team of F orce 
development package for VME. Andt the: 


engineers waiting to help. 
So put your project 
on the fast track. Call 
1(800)BEST-VME and find 
out more about VME/PLUS 
and Running Start. And don't 
forget to ask for our Running Start 
data sheet and 1988 data book. 


ea, 


c SLE 


6 


fetal VME at its best. 
YOUR user progr ams completely FORCE COMPUTERS, INC. FORCE COMPUTERS, GmbH 
compatible with other Force VME, 3165 Winchester Blvd. Daimlerstrasse 
; Campbell, CA 95008-6557 D-8012 Ottobrunn 
boards. Best of all, with VUEPROM, Telephone (408) 370-6300 Telefon (089) 60091-0 
: Telefax (408) 374-1146 Telex 524190 forc-d 

there's no license and no extra charge. Telefax (089) 6 097793 
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is new career: “I'm acquiring 
ee was oes 


one te nen at least _ 
two years of design experience, 
and an ability to write clearly. 


Clarke in Human Resources. 
Or send your resume to her 
at Human Resources Dept. 
275 Washington Street, 


SIGNALS & NOISE 


Designers shouldn’t ignore 
any device parameters 


I am in perfect agreement with 
Robert Pease’s response (Signals & 
Noise, EDN, May 26, 1988, pg 36) 
to Keats Pullen’s comments on lost 
technology (Signals & Noise, EDN, 
March 17, 1988, pg 34). Specifically, 
any attempt to categorize all types 
of devices (tubes, FETs, and bipo- 
lar transistors) as having transcon- 
ductance gains (g,,) that are direct 
functions of qI/kT is misleading. As 
far as I know, only bipolar devices 
fulfill the relationship, and they do 
so over many decades of operating 
emitter current. 

IC designs using bipolar transis- 
tors need to take into account sev- 
eral low-frequency parameters, 
such as current gain, output imped- 
ance (controlled by the Early ef- 
fect), operating currents, and in- 
trinsic bulk impedances in base, 
emitter, and collector regions. Gy, 
is one parameter that is not usually 
specified because it’s generally so 
close to theoretical (g,,=qI./kT) 
that it can be taken for granted. 
Only at very low or very high cur- 
rents does gy, deviate significantly 
from this ideal value. 

You can design low-distortion bi- 
polar amplifiers either by employ- 
ing large amounts of feedback or 
by using gy linearization techniques 
with less overall feedback. The in- 
herent exponential current/voltage 
characteristics of bipolar devices 
have in fact also been used to ad- 
vantage in linearized current ampli- 
fiers, AGC circuits, logamps, and 
various multipliers, mixers, ete. 
The accuracy and inherent function- 
ality of these types of circuits rely 
on the fact that the bipolar-transis- 
tor 2m Is nearly ideally proportional 
to I, (that is, it’s nonlinear). When 
you analyze the transconductance 
gain of an ideal bipolar differential 
amplifier, you can easily see that 
the gy, falls to approximately one 
half its peak value when driven with 
a differential signal of +2kT/q 
(~+52 mV). An ideal linear ampli- 


EDN September 15, 1988 


fier could be categorized as one in 
which the transconductance gain is 
constant over as wide a signal range 
as possible (say, several volts). One 
such method has been devised as a 
result of extensive simulation veri- 
fication with the Analog Workbench 
simulation tool. It takes the form 
of a complementary quad configura- 
tion that can be implemented with 
any complementary process (the 
patent is pending). 

In sum, let linear designers unite 
in their determination to use all 
relevant device parameters in find- 
ing better ways to design linear cir- 
cuits. Ignoring any parameter, be 
it beta or gm, is like putting one’s 
head in the sand and hoping the 
problem will go away. 

Derek Bray 
Director of Design Services 
Analog Design Tools Inc 
Sunnyvale, CA 


INTE 


Treat design parameters 


in order of importance 


I was pleased to find Bob Pease’s 
letter in response to my letter in 
EDN’s March 17 issue, and I must 
comment on some of his statements. 
It appears he does not fully under- 
stand what the situation really is 
for the engineer attempting to de- 
sign with discrete devices. I first 
had to solve that problem with 
tubes, and then with various kinds 
of relatively linear active devices. 

The issue boils down to these 

facts: 

@ Phase stability requires con- 
trolled voltage gain. 

@ Voltage gain depends on gy, 
not beta. 

@ The value of g,, is a function 
of output current with all of 
our currently available active 
devices, but can require ad- 


justment for transconduc- 
Text continued on pg 47 
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EMBEDDED CONTROLLERS 
GIVE INDUSTRY A HAND: 


Now you can give a robot arm the precision that comes with 4.3 
megawhetstones performance on a single chip. With a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel Corporation 
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How lo Wring 
Workstation-Level 
PCB Designs 
Out Of Your PC. 


P-CAD’s new Master Designer turns an ordinary PC into a full-fledged PCB workstation. 


When you need to wring every drop of performance out For forward annotation of logic changes and “history 
of your next PCB design, you need Master Designer™ independent” back annotation, Master Designer also has 
software. an ECO processing option. 


Master Designer provides all the horsepower you'd 


If you're interested in wringing every penny out of 
expect only from workstations priced from $50K y/ 


your PCB design station instead of wringing your 
hands, ring P-CAD. Let P-CAD show you how 
to turn a PC into a high-powered workstation. 


WORK- 
STATIONS 


up to as much as $200K. 


With Master Designer you can tackle the really « 
big jobs. Board designs with 500 EICs, 32,000 s 
pins and 2,500 nets are just the beginning. & 


P-CAD’s Master Designer routes multiple 
1290 Parkmoor Ave., San Jose, CA 95126 USA 


layers simultaneously cutting the number 
of vias and unrouted subnets in half! Telex: 371-7199 FAX: 408-279-3752 
and higher completion rates (up to 100%). ~<—— NUMBER OF USERS ——> 800-628-8748 CA 800-523-5207 US. 


a 
% 
< 


MASTER 
DESIGNER 


se 
PERSONAL CAD SYSTEMS INC. 


So, you'll wring out cleaner designs 


P-CAD is a registered trademark and Master Designer is a trademark of Personal CAD Systems, Inc. 
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SIGNALS & NOISE 


tance efficiency with FETs 
and tubes. 

@ The transconductance effi- 
ciency can be determined in 
terms of the input voltage 
change required to cause a 2:1 
change in output current. The 
resulting kappa value is 0.018/ 
dv, where dv is the change. 

@ The required supply voltage 
is Just enough to lead to a de- 
vice collector-to-emitter volt- 
age of 1 to 2V at maximum 
device current. Any higher 
current can lead to excessive 
dissipation. 

The critical design parameters 
need to be treated on the basis of 
their order of importance in control 
of circuit behavior. Voltage gain in 
conjunction with operating-fre- 
quency range and requirements on 
minimum phase determine the 
maximum transconductance. Line- 
arity determines the return feed- 
back (cathode, emitter, source) re- 
sistance and forces the readjust- 
ment of undegenerated g,, to pro- 
vide the required linearity. 

After these adjustments have 
been made, special limitations on 
parameters such as beta can be con- 
sidered. You need to make an 
evaluation, in order of importance, 
of all the parameters for the active 
devices you use, and you must make 
certain that the important data is 
available in accordance with these 
needs. Experienced designers can 
short-circuit many of these deci- 
sions, but how many of our young 
circuit designers know all the an- 
swers that engineers like Bob Pease 
have learned so well by experience? 

Device makers should provide 
the information that will enable an 
engineer with some skill to move 
directly to a successful solution to 
a problem. I have yet to see the 
needed data on even one National 
data sheet on any discrete device. 
(I hope I have missed one!) The 
data sheets don’t even say that the 
device transconductance for a bipo- 
lar device is roughly 39-Io (for an 
ideal, low-injection, negligible ry’ 
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Dual Opto-isolator in DIP Package 


The CLM 51/2 is a DIP 
package utilizing a GaP 
LED coupled to two photo- 
conductive cells to provide 
separate circuits for both 
linear and logic functions. 
Each unit provides line volt- 
age Output capability of 
250V PAC, an isolation 
voltage of 1500V PAC anda 
minimum “OFF” resistance 
of 1 meg. 


— 2 


The CLM 51/2 units are ideally suited for thyristor control, logic and 
critical circuitry isolation, remote and supervisory control circuitry. 
These units are recognized under the component program of Under- 
writers’ Laboratories, Inc. 


For the optimum solution to each of your individual “light” problems, 
call 914-664-6602 or FAX 914-664-6449 or write Clairex ®, 560 South 
Third Avenue, Mount Vernon, NY 10550. 


CLAIREX ELECTRONICS 


A Division of Clairex Corporation 


INTEL 
FLASH MEMORIES 
KNOW YOUR TYPE. 
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Now, even when the power is off, your laser printer can remember 
type fonts. Cost-effectively. Only with an Intel Flash memory. 


©1988 Intel Corporation 


Just call 800-548-4725 (Lit. Dept. 463). 
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SIGNALS & NOISE 


and r,’ device). 

I have yet to see a statement on 
transconductance efficiency for a 
FET; what you find is a statement 
that the transconductance is in a 
certain range when the output cur- 
rent is in some range at some bias 
condition. What can you do with 
that on an exponential-type device? 
Only kappa modifies the exponen- 
tial relation by reducing the effec- 
tive value of q/kT with all these de- 
vices. 

I appreciate Bob’s response, and 
I hope he will help me upgrade data 
sheets so that one doesn’t need all 
his years of experience to get a good 
design the first time. I don’t have 
Spice available (as many don’t), and 
I never have had it. And my designs 
based on the techniques I have de- 
veloped almost always work the 
first time. I regret to say that Spice 
won’t make allowances for the in- 
ternal degenerative-type resis- 
tances whose values are not known. 


INTEL 


The key to the issue, as far as I 
am concerned, is accomplishing a 
goal with the highest possible 
MTBF. Are we going to let the rest 
of the world push us all the way 
out of business because they use 
these principles and we don’t? 
Keats A Pullen Jr 
Kingsville, MD 


Gap between theory and 
practice is widening 

With reference to Keats Pullen’s 
letter in the March 17 issue of EDN 
(pg 34): I wholeheartedly agree, 
and I have had similar experiences. 
There is a serious gap between the 
IEEE’s articles that are not useful 
to the average engineer and EDN’s 
articles, which must be so specific 
that they even include part num- 
bers. Furthermore, I believe the 
gap is widening because of the fast 
pace of development. EDN can (and 


EMBEDDED CONTROLLERS 
DRAW FLIES. 


Now your graphics engine can transform 80,000 vectors per 
second with a single chip. If it’s designed with a member 


of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 
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used to!) fill this gap. I keep a note- 
book full of old EDN articles and 
tutorials, which I refer to and (more 
often) loan to less experienced engi- 
neers. The only recent entries are 
from more general (nonelectrical) 
publications such as Measurements 
& Control. The latter seem to be 
the best bet for working engineers, 
even if they are oversimplified and 
contain errors. 

Really, isn’t it the job of the engi- 
neer to fill in the gap between the 
textbook theory and the manufac- 
turer’s application sheets? I think 
EDN should be more slanted to- 
ward how to find answers than actu- 
ally trying to provide them; the 
manufacturers gladly do the latter 
if they can. 

Art Delagrange 

Acoustic Signal Processing Branch 
Naval Surface Warfare Center 
Silver Spring, MD 


(Ed Note: EDN’s staff-written arti- 
cles provide the raw material that 
helps you find answers. Contrib- 
uted articles cover the how-to-design 
topics. We strive for a balanced 
mixture of both article types.) 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express their 
Opinions on issues raised in the 
magazine’s articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, MA 
02158. We welcome all comments, pro 
or con. All letters must be signed, but 
we will withhold your name upon re- 
‘quest. We reserve the right to edit let- 
ters for space and clarity. 
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ae at sales a 
appeal into your system 
with Du Pont 
Latch-N-Lok” Shielded 

Assemblies. _ 


DuPont Electronics 


The smallest package. Share the power of our resources. 
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Elevate DSP 


With Motorolas ‘56001, DSP designs rise above the burdens 


of glue chips and expensive memories. 


The advanced features of the DSP56001 
give your designs more versatility and 
freedom than ever before. Its wide assort- 
ment of on-chip peripherals and top-notch 
performance, lets your designs rise above 
the hassles of high-speed memories and the 
restraints of glue chips. 


Freedom through features. 


Motorolas DSP56001 is a uniquely 
HYPERformance” Digital Signal Processor. 
It leads the way in DSP with our proven 
HCMOS technology—developed for both 
high speed and versatility. 

The ‘56001 is an off-the-shelf device for 
which development of speed-critical pro- 
grams is both inexpensive and fast. Theres 
no ROM programming or related mask 
issues, thanks to our unique on-chip pro- 
gram RAM. And easy dynamic loading of 
user programs into the Program RAM is 
made possible by on-chip bootstrap 
hardware. 

User-programmable bus access times, 
available with the DSP56001, can elimi- 
nate the need for expensive, high-speed 
memories. And, MREADY (Memory 
Ready), a DTACK-like function, is also 
available. 

Featuring a 24-bit parallel architecture, 
single cycle 24x24 bit multiply and 56-bit 
accumulation, an instruction cycle time 
of 97.5ns, and an operating speed of 10.25 
Million Instructions Per Second (MIPS), 
the ‘56001 outperforms all currently avail- 
able DSPs. And for even more performance, 
well soon offer a 74.1ns version, operating 
at 13.5 MIPS (at 27MHz). 

Three on-chip MCU-style peripheral 
functions, the Serial Communications 
Interface, Synchronous Serial Interface and 
Host Interface, give the DSP56001 a level 
of versatility never before approached. 
Plus theres a memory expansion unit to 
provide flexible I/O interfacing. 
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The ‘56001 gives your designers free 
reign with simpler designs for communica- 
tions, speech, imaging, audio, computers, 
instrumentation, and high-speed controls. 
And the shorter design cycles and greater 
efficiency get you to market sooner. 


The right tools for the right jobs. 


Design-in support for the ‘56001 is as 
advanced as its namesake. Motorola offers 
a complete set of tools to design and debug 
DSP applications, including the only 
multi-DSP chip simulator in the industry. 

The DSP56000ADS Application Devel- 
opment System is available for use with 
popular development platforms, such as: 
IBM PCs, Macintosh IIs, and Sun-3 work- 
stations. A new emulator cable turns the 


ADS56000 into a true in-circuit device 
emulator. The DSPS56000CLASx 
Assembler/Simulator/Linker develop- 
ment software is currently available 
and runs on the IBM PC, Macintosh II, 
Sun-3, and the VAX. The DSP56KCC, a 
DSP56000/1 family C compiler, is a 
HYPERformance™ C compiler for DSPs, 
and it's the latest entry into the lineup of 
DSP support products from Motorola. 
Our DSP320to56001 translator con- 
verts 32010 code into 56001 source code 
simply and inexpensively to minimize the 
cost and delay of manual rewrites. With 
it you can utilize the power and efficiency 
of the newest DSP technology while you 
save thousands of dollars worth of pro- 
grammer hours. 


For more information. 
For more information about designing- 


in the DSP56001 contact your Motorola 
sales office. For technicaldi 
Motorolas advanced 
line of DSP products, - 
please complete and 

submit coupon below. 


(AA) MOTOROLA 


ilaatententantententr tects  etehr rt arene beeiretey teriier tere rs 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 


Name 
Title 
Company 
Address 


City 


Country 


Blakelands, Milton Keynes MK14-5BP, United Kingdom 


Please send me more information on the DSP56001. 


EDN091588 
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Use amlan Wrap-ID_ 


markers — 


FRICTION 


to identify 
wire wrap pins. 


e Speed wiring 
e Reduce errors 
¢ Simplify troubleshooting 


DIP 
White plastic markers (.019’’ thick) | socket 
are friction fit over wire wrap 
pins of standard DIP sockets. 
Every pin is permanently numbered on wiring side, with 
clear space in center for your socket number, etc. 
All standard sizes from 8 to 96 pins, each with its own 
distinctive marking color for added ease of identification. 


CIRCUIT 
BOARD 


Call or write for data sheet, price list, and free samples. 
97 Thornwood Road 


Sinem ma nee 
Fd sie ee ge RUS ie ek a a 


FAX: (203) 322-7648 
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INTEL 
FLASH MEMORIES 
HELP YOU SEE THE LIGHT 


Now it’s easy to reprogram a traffic control system. 
Cost-effectively. Only with an Intel Flash memory. 
Just call 800-548-4725 (Lit. Dept. 463). 
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CALENDAR 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Atlanta, GA. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 66032. (800) 247-5239; in KS, 
(913) 898-4695. September 19 to 22. 


Unix Hands-on Workshop (short 
course), Washington, DC. Inte- 
grated Computer Systems, Box 
3614, Culver City, CA 90231. (800) 
421-8166; in CA, (213) 417-8888. 
September 20 to 23. 


34th IEEE Holm Conference on 
Electrical Contacts, San Fran- 
cisco, CA. IEEE Holm Conference 
Registrar, 345 E 47th St, New 
York, NY 10017. (212) 705-7405. 
September 26 to 29. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Chicago, IL. Micro Systems 
Institute, 73 Institute Rd, Garnett, 
KS 660382. (800) 247-5239; in KS, 
(913) 898-4695. September 27 to 30. 


Unix Hands-on Workshop (short 
course), San Diego, CA. Integrated 
Computer Systems, Box 3614, Cul- 
ver City, CA 90231. (800) 421-8166; 
in CA, (213) 417-8888. September 
21 to 30. 


Connector and Interconnection 
Technology Symposium, Dallas, 
TX. Electronic Connector Study 
Group, 104 Wilmot Rd, Suite 201, 
Deerfield, IL 60015. (312) 940-8800. 
October 3 to 5. 


IEEE International Conference 
on Computer Design: VLSI in 
Computers and Processors, Port 
Chester, NY. Gail Clanton, IEEE, 
1730 Massachusetts Ave NW, 
Washington, DC 20036. (202) 371- 
1013. October 3 to 5. 


Autotestcon, Minneapolis, MN. 
Steve Palmer, Unisys, 3333 Pilot 
Knob Rd, Eagan, MN 55121. (612) 
456-2349. October 4 to 6. 
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Spectrum Software’s MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 


MICRO-CAP II, which is based on our origi- 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it’s dra- 
matically improved. 


MICRO-CAP II SCHEMATIC EDITOR 


Schematic Editor 


MICRO-CAP II has faster analysis routines. 
Better resolution and color. Larger librar- 
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 


The program has a sophisticated inte- 
grated schematic editor with a pan capa- 
bility. Just sketch and analyze. You can step 
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MICRO-C 
he CAE tool with fully interactive 
analog simulation for your PC. 


Transient Analysis 


component values, and run worst-case 
scenarios—all interactively. And a 500-type* 
library of standard parts is at your finger- 
tips for added flexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.” The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast lane. 


M Integrated schematic editor 

M@ Fast analysis routines 

@ High-resolution graphic output 

@ Standard parts library of 500° types 
*IBM versions only. 
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™@ Transient, AC, DC, and FFT routines 
@ Op-amp and switch models 
M@ Spec-sheet-to model converter* 


@ Printer and plotter* hard copy 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 


(408) 738-4387 


MICRO-CAP II is a registered trademark 
of Spectrum Software. 


Macintosh is a trademark of McIntosh Laboratory, Inc. 
and is being used with express permission of its owner. 


Hercules is a registered trademark 
of Hercules Computer Technology 


IBM is a registered trademark 
of International Business Machines, Inc. 
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SPRAGUE 
Goopman 


_ INTEL 
EMBEDDED CONTROLLERS 
ARE GOOD FOR PLANTS. 


Now you can drive a factory control system with a fraction of the 
processors. If it’s designed with a member of Intel’s 80960 family. 
Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel 
Corporation 


CIRCLE NO 40 


56 


CALENDAR 


Buscon/88 East, New York, NY. 
Conference Management Corp, 200 
Connecticut Ave, Norwalk, CT 
06856. (203) 852-0500. October 4 
to 6. 


Electronic Imaging Conference 
East, Boston, MA. MG Expositions 
Group, 1050 Commonwealth Ave, 
Boston, MA 02215. (800) 223-7126; 
in MA, (617) 282-8976. October 4 
to 6. 


Power Electronics East, New 
York, NY. Conference Manage- 
ment Corp, 200 Connecticut Ave, 
Norwalk, CT 06856. (203) 852-0500. 
October 4 to 6. 


Frontiers ’88: The 2nd Symposium 
on the Frontiers of Massively Par- 
allel Computers, Fairfax, VA. 
Frontiers Symposium, Box 334, 
Greenbelt, MD 20770. October 10 
to 12. 


International Electronic Manu- 
facturing Technology (IEMT) 
Symposium, Lake Buena Vista, 
FL. Bill Moody, 2529 Eaton Rd, 
Wilmington, DE 19810. (802) 478- 
4143. October 10 to 12. 


Troubleshooting Microprocessor- 
Based Equipment and Digital De- 
vices, Indianapolis, IN. Micro Sys- 
tems Institute, 73 Institute Rd, 
Garnett, KS 66082. (800) 247-5239; 
in KS, (913) 898-4695. October 11 
to 14. 


Modern Electronic Packaging 
(seminar), Boston, MA. Technology 
Seminars, Box 487, Lutherville, 
MD 21093. (301) 269-4102. October 
12 to 14. 


Worst-Case Circuit Analysis 
(seminar), San Francisco, CA. De- 
sign and Evaluation, 1000 White 
Horse Rd, Suite 304, Voorhees, NJ 
08043. (609) 770-0800. October 17 
to 19. 3 
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Now you can discard those space- robbing, power- 
hungry multichip designs for High Speed Data 
Acquisition (HSDA) and transmission! 


_ Introducing Siemens remarkable new family of HSDA 
components...two highly integrated devices that can. 
reduce your component count by 20 to 30 devices. — 


fy Ti ssien bus Z} 


Siemens — 


_ CMOS SRAM's 


SDA 8800 
25 MHz TIL ee 
= Acquisition 
Analog | Siemens Siemens : 
Input | SDA 8010 SDA 8020 -_ 
eee Data Acquisition 
S shift Register 


intelligent pP compatible Data acquisiion/generation System 

= SDA 8800 Data Acquisition Controller (DACO)— 

2 um CMOS-based, compact 68-pin package, interface 
compatible with all 8086, 80186, 80286 and 68000- based 
systems with 8; 16- of 32- bit bus widths 
eSDA 8020 Data Acquisition Shift Register (DASR) 
lets you read/write at 100 MHz multiplexed to 25 MHz. 
Compact 68-pin design, easily cascaded for large cache 
memory and/or even lower clock rates 


m SDA 8200 A/D Converter 6-bit flash converter, 300 
MHz conversion rate, high- quality conversion Up to the 
Nyquist frequency 


m@ SDA 8005 D/A Converter 8-bit resolution, 150 MHz 
conversion rate — : = : 
m SDA 8010 A/D Converter 8-bit flash converter, 100 
MHz conversiontate - 
___ Put complicated high speed designs where 

_ they belong. Specify Siemens HSDA chip _ 
Sel. the efficient solution. 


For more information, call (408) 980-4534 or write: 
Siemens Semiconductor Group, Integrated 
Circuits, Data Acquisition Marketing Department, 
2191 Laurelwood Road, Santa Clara, GA 95054 


In Europe write: Siemens AG, Infoservice. Postach 
23 48, D-8510 Fuerth 


_ Siemens National Distributors: Hall- Mark and Marshall 
Siemens Regional Distributors: Advent Electronics, Inc, Almo Electronics, _ 
Insight Electronics, Quality Components, Summit, Western Mierotechnology 


Siemens...your partner for the future. 
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son logic. 


Save nanosecond 


And months on design. 


Logic Automation’ model cell library now contains 
all RCA Advanced CMOS Logic circuits. 
Any other approach to logic design is a waste of time. 


You know the advantages of CMOS, such as low 
power dissipation, high noise immunity and wide 
operating temperature range. 

And you probably know that AC/ACT logic adds 
a new dimension to CMOS: advanced speed. 

But you may not know that this faster logic can 
now be designed-in much faster. 


System-level AC/ACT simulations. 


RCA AC/ACT is the first advanced-speed CMOS 
logic to have all its circuits (more than 100 and 
growing rapidly) available as SmartModelst in 
Logic Automation's library. 

These sophisticated behavioral-level models 
don't need the computing power of a mainframe. 
So you can use them on just about any popular 
engineering workstation. 

But what really sets SmartModels apart is their 
technique of Knowledge-Based Design Verification. 
Each model has been worked on by engineers and 
systems designers who know the design problems 
you're most likely to encounter when using parts 
from the AC/ACT library. 

If any of these errors does occur, it is inmediate- 
ly pinpointed. You get the exact time, location and 
nature of the problem. 

All circuits are checked for tming (including 
setup, hold, frequency and pulse width), and usage 
(specific checks for each device). 

The result is far less prototyping. Which means 
savings of months. And thousands of dollars. 


A new world of design possibilities. 
RCA AC/ACT gives you the speed of FAST™ 
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But power dissipation and idling power are small 
fractions of FAST ICs. 

So, for example, you can design a computer that 
doesn't have a cooling system. Or a sealed system to 
prevent dust problems. Or dramatically reduce 
your system's size. 


System-level simulations eliminate the need for prototypes, saving time and money. 


In addition, AC/ACT gives you latch-up and ESD 
protection. All this at FAST prices. 

And these circuits are available in Military/Aero- 
space versions for the most demanding applications. 

Start saving time on both logic and design right 
now, by calling toll-free 800-443-7364, ext. 29. 

Or contact your local GE Solid State sales office 


or distributor. : 

In Europe, call: Brussels, (02)246-21-11; Paris, (1) 39-46-57-99; London, (276) 
68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 
TSmartModel is a registered trademark of Logic Automation, Incorporated. 

*PAST is a trademark of National Semiconductor Corporation. 


General Electric Company, U.S.A. 
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Gould Electronics can help you take 
the lead in the fast lane. Introducing 
the Microprocessor Analysis Package 
for the 80386—designed to put the 
ultimate power of logic analysis at 
your finger tips! 


How fast will you need to go? With the 
high speed interface for the 80386, 
Gould’s K450B logic analyzer accepts 
external clock rates up to 50 MHz. 


How important is convenience? With 
the simple touch of one key, the 
K450B lets you quickly flip back and 
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forth between timing diagrams and 
disassembly listings without the hassle 
of reprobing your target. 


Timing speeds to 400 MHz, 16 level 
Trace Control triggering with 20 nsec. 
decisions, and high speed 1 Mohm 
probes get you to your problem FAST! 
Noise Margin and Histogram analysis, 
extensive microprocessor support, PC 
control with remote telediagnostics 
keep you ahead of the pack. 


So how important /s performance? 
With Gould’s K450B logic analyzer 


No limiton 1386 


with 80386 interface, you could be in 
control of the fast lane. Contact 
GOULD today. Call 1-800-GOULD-10 
or write GOULD Inc., Test and 
Measurement, 19050 Pruneridge Ave., 
Cupertino, CA 95014. 


=" GOULD 


Electronics 
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EDITORIAL 


Marketers talk funny 


As you talk with electronics-marketing people, you begin to realize that © 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2); 1978: (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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they have a language all their own. Here’s a sample of the words and 
phrases they use along with my translations: 

Time frame. Translation: A period or time. Often redundant, as in the 
January or February time frame. Time frames often stretch to match 
product introductions, and adding the time frame preface lets you be 
imprecise. For example, a January-February time frame can stretch into 
July. A close relative is window or market window, which usually refers 
to an even more nebulous period. 

Quantum jump. Translation: A big leap, usually upward or forward, as 
in a quantum jump in performance. In truth, however, a quantum jump 
is an extremely small change in energy, and it can take place up or down. 
A marketing quantum is undefined, so most marketers mean a decade 
leap, although once in a while we read or hear of logarithmic and exponen- 
tial leaps. (How about a 10-dB increase in performance?) 

Footprint. Translation: Area, or (infrequently), pattern. Footprint is a 
favorite word of computer and workstation suppliers whose products have 
small footprints. What they mean is that the products don’t take up much 
space. (How about a —3-dB leap in footprint?). An alternative usage 
invokes footprints to mean standard ASIC-device patterns. Soon someone 
will be offering a 2-million-gate array dubbed “Bigfoot.” 

Macro. Translation: Anything big. For example, the QBX-5 is a macro 
of our Model 3. The traditional software-engineering meaning of macro 
is now archaic. Macro also shows up as a verb, as in to macro, which is 
to make something bigger. Teenagers will soon be saying “That’s macro” 
instead of “That’s awesome.” 

Database. Translation: A large collection of data, not necessarily organ- 
ized. Often simply a synonym for information or data. Thus, a performance 
database is information about a product’s performance. People no longer 
collect information, they build databases. 

Media. Translation: Just about anything—be it a wire, a floppy disk, a 
magazine, or an envelope—that holds or transfers information. Often used 
loosely and with disregard to the singular, mediwm. Both media and 
medium are sensitive to context—for example, crosstalk on the media 
could mean electrical crosstalk or an irate discussion between a PR agent 
and a reporter. 

At this point in time. Translation: Now. 

Negative time. Translation: a time in the past; before now. Data- 
acquisition-equipment manufacturers tout an instrument’s ability to cap- 
ture data in negative time, an operation we used to call pretrigger record. 
Soon the future will be positive tume and we can rewrite a certain movie 
title as “Back to the Positive Time.” 

Platform. Translation: No, not a structure made of wood, steel, concrete, 
or other construction materials—a computer. Although many electronics 
companies say that their products run on specific platforms, in fact only 
politicians and commuters run on platforms, and the politicians run slowly. 
Engine. Translation: A mechanism of some sort, usually associated with 
graphic displays or printers. I’ve always thought of an engine as a mecha- 
nism powered by an expanding gas; that is, a steam engine or a jet engine. 
However, the computer-publicity people may soon describe engines that 
run on platforms—probably next to the politicians. 

I haven’t exhausted my list, but that’s all I can fit in this issue. I’m still 
wondering where the marketers picked up these expressions. Maybe they 
were hanging around the engineering department too long. 


Jon Titus 
Editor 
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An affordable portable |: 


Price/Bandwidth 
$4995 100 MHz 2230 DSO* 20 MS’s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option 


$3995 60 MHz 2221 DSO, 20 MS’s, 4K Record Length, 100 ns Glitch Capture, Cursors, CRT Readout, GPIB or RS-232-C Option 


$2995 60 MHz 2220 DSO, 20 MS/s, 4K Record Length, 100 ns Glitch Capture, GPIB or RS-232-C Option 


$2995 100 MHz 2236 Two Channel, Counter/Timer/DMM, Dual Time Base 


$2395 100 MHz 2246A Four Channel, Store/Recall of 20 Front Panel Setups, Auto Setup, Smart Cursors,” Dual Time Base 
$2395 50 MHz 2210 DSO, 20 MS/s Sample Rate, 4K Record Length 


$1795 100 MHz 2245A Four Channel, Auto Setup, Cursors, Dual Time Base 


$695 20 MHz 2205 Two Channel 


Digital Storage Oscilloscope 


Check the prices 
and performance. You'll find 
the best measure of both in 
Tek 2200 Series Oscillo- 
scopes. Ten scopes with 
bandwidths ranging from 20 
0 100 MHz. Two and four 
channels. Analog and digital. | 
And prices starting at just 
$695. 

Select for such features 
as automatic setup, time 
and voltage cursors, built- | 
in DMM functions and dual: 
analog/digital capabilities 
at the push of a button. 

These are scopes you'll 
appreciate for their well- 
proven reliability, achieved 
through simplified, practical 
internal design. They come 
complete with probes and 


comprehensive Tek warranty 
that includes the CRT. 


Copyright © 1988, Tektronix, Inc. All rights reserved. TAD-903-B 
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Argentina 

Buenos Aires 

(01) 541-7141 to 7747 
Australia 

Artarmon, N.S.W. 


(02) 439 3322 & & 
Austria 

Wien 

(0222) 60101-820 

Belgium 

Bruxelles 

(02) 52561 11 


Brazil 

Sao Paulo 
(011) 211-2600 
Canada 


Scarborough ; 
(416) 292-5161 

Signetics Etobicoke 

(416) 626-6676 

Chile 


Santiago 

(02) 77 38 16 
Colombia 
Bogota, D.E. 
(01) 249 7624 


Denmark 
Copenhagen 
(01) 541133 
Finland 
Helsinki 


(90) 17271 

France 
Issy-Les-Moulineaux, 
Cedex 

(01) 4093 8000 


Germany 

(Fed. Republic) 

Hamburg 

(040) 3296-0 

Greece a 


Tavros 

(01) 48 94 339/4894 911 
Hong Kong 

Kwai Chung 
(0)-245121 

India 

Bombay 

(022) 4930311/4930590 
Indonesia 

Jakarta 

(021) 517995 
Ireland 

Dublin 

(01) 69 33 55 

Italy 

Milano 

(02) 6752.1 

Japan 

Signetics Japan Ltd. 
Tokyo (03) 230-1521 
Korea (Republic of) 
Seoul 

(02) 794-5011 
Malaysia 

Pulau Pinang 

(04) 87 00 44 
Netherlands 
Eindhoven 

(040) 78 37 49 

New Zealand 
Auckland 

(09) 605-914 
Norway 

Oslo 

(02) 68 02 00 
Pakistan 

Karachi 

(021) 725772 

Peru 

Lima 

(014) 707080 
Philippines 
Makati-Rizal 

(02) 86 89 51 to 59 
Portugal 

Lisboa Codex 

(019) 68 3121 
Singapore 
Singapore 

3502 000 

South Africa 
Johannesburg 
(011) 402-4600/07 
Spain 

Barcelona 

(03) 301 63 12 
Sweden 

Stockholm 

(08) 7821000 
Switzerland 
Zurich 

(01) 488 22 11 
Taiwan 

Taipei 

(02) 7120500 
Thailand 

Bangkok 

(02) 233-6330-9 
Turkey 

Istanbul 

(01) 143 59 10 
United Kingdom 
London 

(01) 580 6633 
United States 
Signetics Corporation 
Sunnyvale 

(408) 991-2000 
Uruguay 
Montevideo 

(02) 98 53 95 
Venezuela 
Cc aracas i COREG RIRI LOOT SES LAE TEES ES 
(02) 239 39 31 ' 
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Philips single-chip 8-bit 
microcontrollers help turn your 
product ideas into commercial 
reality as quickly, easily, and 
economically as possible. 

Youcan work with CMOS, 
NMOS or bipolar microcontroller 
families incorporating a 
comprehensive list of derivatives. 
These are backed by a wide 
range of I2C-bus peripherals to 
help implement your design. And 
we've made it as easy as possible 
to choose the right microcontroller 
for your application. We providea 
choice of 64 to 256-byte RAM, 1K 
to 16K ROM, on-board functions 
like ADC, EPROM, timers and 
I?C-bus interface. We offer bond- 
out and EPROM versions and you 
can also select from a variety of 
industry standard packages; DIL, 
SO, PLCC, OFP or PGA- with 
temperature ranges as broad as 
—40°C to 110°C. 

Philips, Europe’s leading 
manufacturer of 8-bit 
microcontrollers, is a major force 
in electronics world-wide. When 
your partner is Philips you can 
move more confidently and 
effectively from ideas to reality. 

For your copy of the latest 
Philips 8-bit microcontroller 
brochure, contact your local 
Philips organization (see left) or 
complete the coupon and send 
it to: 

Philips Components Division, Building BA, 
P.O. Box 218, 5600 MD Eindhoven, 


The Netherlands. 
Telex: 35000 phtc nl/nljevmc. 


8-bit microcontroller brochure 
Name | 
Positio 
Company 


| 
| | 
| Prods 2 5 Ve eo a | 
| | 
| 
| 


| = 


‘name is Philips. 
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more than look good on paper. They 
stand up to punishment that makes 
others fail. Here are the report results. 


T oko's switching power supplies do 


Long service life. 

With MTBF of up to well over 200,000 
hours, 105°C electrolytic capacitors, 
8-hour burn-in, and 20% derating of all 
components, ifs no wonder customers 
rarely need to use our two-year 
performance guarantee. 


Efficiency that pays long-term dividends. 


Toko maintains a low parts count so 
there's less to go wrong. Our unique 
filtering circuitry and state-of-the-art thin 
copper film transformer design helps 
achieve greater efficiency and lower 
switching noise, and eliminates the 
chances of an open winding or a short. 


Maximum protection, inside and out. 
Solder masks provide superior board 
insulation, while overcurrent, overvoltage 
and in-rush current protection safeguard 
your equipment and secondary side 
components. 


Toko switchers will pass your 
toughest tests for 


Sample a better power supply today. 


Cool Power. 

Toko’s entire 8 to 150 watt power range 
is designed with convection cooling, 
assuring no heat dissipation problems. 


| VAC SMALLEST 
INPUT RATED # DIMENSIONS 
SERIES | VOLTAGE | POWER | QUTPUTS; H L W 
MW | 85-132/; 100W ; 1.6" 7.8" 4.4" 
170-264; SOW 6 thee oe 


sis) or |e hr are 
90-132 50/75/100W 44” 78" 20 
] 


PS | 85-132 | 10/15/30 3.8” 3.5" 1.0 
50/100W 

85-132 |30/50/100W| 1 38" 63" 1.4” 

| AS | 90-132} 75w | 1 |1.6" 80" 49" 


AR | 85-132} 150W | 1  /20" 10.3" 6.8" 


150W 


| MK | 85-132 


jo Sever 24 
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Tougher endurance test results. 

Toko’s vibration resistance and shock tests 
prove that the horizontal mounting of our 
components Is superior in mechanical 
fault resistance to the vertical mounting 
used by others. 


Toko’s line of compact switchers 

are available in over 300 off-the-shelf 
supplies, ready fo pass your most de- 
manding tests. Toko has no up-charges 
for modifications that others consider to 
be “custom.” (Modifications to output 
voltage, input/output connections, reg- 
ulated or unregulated secondary outputs 
are delivered at standard lead times— 

no charge!) 


Ask about our Free Evaluation Sample 
Program. For a free power supply guide 
and to discuss your own special 
requirements, write or call 

Toko America, 1250 Feehanville Drive, 
Mt. Prospect, IL 60056, (3142) 297-0070 
FAX (Gill): (342) 699-7864 


[TOKO 
TOKO AMERICA, INC. 


} Your strategic partner... 
for all the right reasons. 
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TECHNOLOGY UPDATE 


As brushless dc motors decrease in cost, 
designers find them much more practicable 


John Gallant, Associate Editor 


Brushless de motors, long ignored 
by system designers except for ap- 
plications with stringent or special 
requirements, are now expanding 
their niche. The motors have al- 
ways boasted many advantages: 
minimal EMI problems, superior 
heat dissipation, no arcing side ef- 
fects, and high rotational speeds. 
The deciding factor, from the view- 
point of the system designer, has 
always been the attendant high 
cost. 

Until the mid-1970s, system de- 
signers had only two choices when 
selecting an electromagnetic motor 
for a particular application: a brush- 
type de motor or an ac wound-rotor 
induction motor. A brush-type de 
motor is practical for applications 
that require a relationship between 
linear motor speed and torque. Fig 
la shows typical speed-vs-torque 
curves for a de motor. Contrast 
these curves with the speed-vs- 
torque relationship for a polyphase 
ac induction motor (Fig 1b). As you 


™— ~ _ DC VOLTAGE =2E 


~__ oc volnce-c 


can see by the curve, the ac motor 
is only useful when operating within 
90 to 100% of its synchronous speed; 
the synchronous speed depends on 
the excitation frequency. 

Brush types of de motors aren’t 
ideal, though. Eventually motor de- 
signers devised a brushless type of 
de motor. Initially, the extra cost 
of the circuitry required for a brush- 
less de motor confined it to special 
applications. Today, however, the 
cost differential between brushless 
and brush-type de motors has de- 
creased to the extent that brushless 
de motors are becoming much more 
feasible for an increasing number 
of applications. 


DC motors come in two guises 

A brush-type de motor consists 
of a stator made from a permanent 
magnet that creates a magnetic 
field. A rotor with wound coils ro- 
tates within the stator. The wound 
coils connect to the rotor’s commu- 
tator, which consists of segments of 
conductive material interspersed 
with an insulation material. 


PERCENTAGE OF SYNCHRONOUS SPEED 


Brushes that press against the com- 
mutator carry dc current to the 
coils. As the motor rotates, the cur- 
rent in the coils alternates to con- 
trol the speed of the motor. 

The brush-type method of com- 
mutation proves to be a limitation 
in certain applications. The wear 
and tear on the brush and commuta- 
tor surfaces, for example, affects 
the reliability of the motor and its 
lifespan. This type of commutating 
also causes EMI problems and pro- 
duces electrical arcing, which can 
cause problems in particular envi- 
ronments. In addition, it limits the 
maximum no-load rotational speed 
of the motor to less than 10,000 
rpm. 

A brushless de motor, in contrast, 
consists of a stator made from 
wound coils. It is these coils that 
create the magnetic field. The field 
rotates when the phase of the cur- 
rent in the coils changes in a pre- 
scribed manner, and the rotor con- 
sists of a multiple-pole permanent 
magnet that continually aligns itself 
with the rotating field. The electri- 


Fig 1—Speed-vs-torque curves for various input dc voltages usually describe a dc motor’s operating characteristics (a). The area to the 
left of the SOAC indicates an area of continuous operation based on the thermal properties of the motor. AC motors are usually specified 
as a percentage of synchronous speed vs torque (b). These types of motors are useful only in the upper region of the curve. 
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| SDT Timesavers 


In INgovt ee a eed to print jour schematic for 
OrCAD/SDT set the standard for low- Check out the following timesavers from documentation ora report? Besides 
cost PC-based schematic capture. Now SDT Ill. They'll enhance your supporting all leading printers and 
comes SDT III to make the best even productivity while providing maximum _ plotters, SDT UI provides you with 
better. New feature enhancements and flexibility for your design tasks. source code to develop your own 


printer/ plotter drivers. You can even 


advanced schematic capture 
customize your output with your choice 


capabilities give you the power of an ¢ Library of over 3700 ready-made 


engineering workstation on your PC parts of template diniensions, text or 

e Object Editor for custom-created worksheet sizes. 
Intuitively Simple parts = 
Pop-up menus, full English commands, * Part rotation/ mirroring An d S til] 
& a logical progression of steps - - all * More than 100 keyboard macros ee ak os 
designed to mirror your own intuitive ¢ Rubberbanding of wires & buses ; 
approach to design and simplify the e User-defined text /obiject sizes Af f d b ] 
learning process. ; OFT a e e 
Yet, SDT III has the power to let you Schematic Capture & Beyond! all today for your demo disk. 
create and manage complex designs. The benefits of SDT III extend beyond ‘eg re 
The program's unique hierarchical schematic capture. For example, you r 
approach lets you organize very large can transfer the finished schematic data 
pe wie into prem eee to other design programs in your system Systems Corporation 
manageable parts. With over such as board layout and analog or ; 
hierarchical levels, even complex gate digital simulation. SDT III provides over Sereet cacao: is Ss 
array designs are possible. 20 netlist formats, including EDIF. : 8 


(503) 640-9488 


Worldwide customer Support 


For further information on SDT III 
or any OrCAD product, contact your OrCAD 
representative today. 


AUSTRALIA ENGLAND ITALY SWITZERLAND 
Prometheus ARS Microsystems, Ltd. MicroData Systems Logmatic AG 

0 3862 3666 (0276) 685005 0187 966 123 056 83 38 38 
AUSTRIA FINLAND JAPAN WEST GERMANY 
Dahms Elektronik Gmbh Elektrotel OY Sotec Company, Ltd. COMPWARE GMBH 
0316 640 300 0754 3122 045 (641) 0802 040 - 818074 
NETHERLANDS FRANCE SPAIN 

Post Electronics ALS Design Next-For S.A. 

02159 - 41774 (01) 46.04.3047 0261 2415 

DENMARK/NORWAY ITALY SWEDEN 

NordCAD BRM Italiana Technology Partners 

0 817 3299 (011) 7710010 08 156815 
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cal commutatation of the current 
through the stator windings means 
that a brushless de motor doesn’t 
emit as much EMI as a brush type 
does. And, there are no brushes to 
wear out or produce arcing. 

This method of commutation re- 
sults in motors with very high rota- 
tional speeds. In fact, Inland Motor 
has built custom brushless de mo- 
tors that run at no-load speeds of 
80,000 rpm. 

The brushless de motor also dissi- 
pates heat more quickly than its 
brush-type counterpart. Because 
the current-carrying wires are in- 
side the stator instead of the rotor, 
they are closer to the surface of the 
motor. As a consequence, the 
brushless motor has a lower ther- 
mal resistance. Brushless de motors 
with a given continuous-torque rat- 
ing can be smaller in size than their 
brush-type de counterparts because 
the wire can have a smaller diame- 
ter. 

The cost of the electronics neces- 


SPEED 


CONTROL 


sary to drive a brushless de motor 
still makes them a more-expensive 
alternative to the brush-type de mo- 
tor. Whereas a brush type of de mo- 
tor requires only a single de ampli- 
fier, a 3-phase brushless de motor 
(for example) requires three ampli- 
fiers and three sensor signals to 
commutate them. 

Consider Baldor’s general-pur- 
pose brushless de motors, for in- 
stance. The 1/2- to 2-hp motors run 
at 1800 rpm and have their drive 
and control electronics, along with 
a 3-phase rectifier requiring a 230V 
ac 3-phase input, all in the same 


housing. A 1/2-hp model and a 2-hp 


version cost $1500 and $1850, re- 
spectively. The electronics package 
by itself sells for $1150. 


Cost may be worth it 

The cost differential may not ac- 
tually be prohibitive. Baldor’s mar- 
keting manager Darryl J Van Son 
estimates that, for an equivalent 
application, the added cost of a 


brushless de motor compared to a 
brush-type is only 15 to 20% higher. 
Indeed, in many applications this 
increased premium is actually cost 
efficient. Brush maintenance and 
down time is eliminated, for in- 
stance. Two brushless de motors on 
each of the two Voyager space 
probes have performed flawlessly 
for over 10 years in the unmaintain- 
able void of outer space. 

Also, because no arcing occurs 
during the commutation period, 
vacuum and explosive atmospheres 
do not need protection from it. In 
applications such as medical equip- 
ment and computer environments, 
which can’t tolerate EMI pollution, 
the omission of brushes reduces the 
cost of meeting emission require- 
ments. 


Three-phase type is standard 

Although 4-phase brushless de 
motors do exist, 3-phase types pre- 
dominate (Fig 2), primarily because 
of the availability of economical 3- 
phase circuitry. Eastern Air De- 
vices’ brushless de motors, for ex- 
ample, have 3-phase windings and 
either 2-pole or 4-pole permanent- 
magnet rotors. The rotors can be 
either ferrite or rare-earth mag- 
nets, depending on an application’s 
cost constraints and requirements. » 

The rotor shaft connects to three 
radially positioned Hall-effect or op- 
tical-sensor switches. The sensors 
detect the angular position of the 
magnetic poles of the rotor relative 
to the 3-phase windings. The sig- 
nals from the sensors provide either 
velocity feedback or phase-locked- 
loop signals to control the speed of 
the motor. 

Eastern Air Devices’ standard of- 
ferings range from the DB10D-30, 
with a full-load current of 0.26A, a 
no-load speed of 11,500 rpm, and a 
peak starting torque of 0.5 oz-in., 
to the DB39D-32, with a specified 
full-load current of 10.0A, a no-load 


speed of 5300 rpm, and a peak start- 
ing torque of 200 oz-in. The motors 
also have a specified torque con- 
stant, Kp, which can range from 3 
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Fig 2—The principle of operation of most brushless dc motors consists of 3-phase stator 
windings that surround a multiple-pole permanent-magnet rotor. The shaft of the rotor 
connects to the three sensors, which detect the rotor’s position and electrically commutate 
the current through the windings. (courtesy Eastern Air Devices) 
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to 25 oz-in./A. They run from 24V 
de supplies and offer electronic 
braking and reversibility. 

Prices for a standard model vary 
tremendously: A motor without 
electronic drive circuits and with in- 
expensive ferrite magnets costs 
$50, whereas a motor with elec- 
tronic drive circuitry and rare-earth 
magnets sells for $300. 

If you opt for a motor without 
electronic drive circuitry, you'll 
need to estimate how much power 
will be necessary to drive the mo- 
tor. According to Jeffrey Arnold, an 
applications engineer for Inland 
Motor, the motor constant, Ky, of 
a brushless de motor provides a 
good rule of thumb for determining 
how much power the motor will 
need. 

The motor constant is related to 
the torque constant according to the 
equation: Ky=KR represents the 
resistance of the winding. By know- 
ing the motor constant and your 
torque specification, you can deter- 
mine the motor’s power require- 
ments by solving the following 
equation: power in watts = torque?2/ 
Ky. 

Although all motors strive to 
maintain constant torque over time, 
variations in torque materialize as 
a motor rotates. One variation, 


These general-purpose 3-phase brushless dc motors, which come with 1/2- to 2-hp ratings, 


are available from Baldor Corp. 


12 


known as cogging torque, is due to 
the change in reluctance of the per- 
manent magnets’ field path as the 
brushless de motor rotates. Motor 
manufacturers specify cogging 
torque as a fixed torque that is su- 
perimposed on the applied torque. 

The cogging effect is most notice- 
able when the applied torque is low. 
In fact, you can manually rotate the 
rotor of a brushless de motor (with 
no power applied) and feel detent 
positions where the rotor tends to 
resist rotation. 

Brushless de motor manufactur- 
ers have devised a number of tech- 
niques to reduce cogging torque to 
a negligible quantity. Baldor, for 
example, minimizes cogging torque 
by skewing the field of the perma- 
nent magnet. Baldor’s Van Son ex- 
plains the skewed-magnetic-field 
concept this way. Suppose you’re 
holding a coffee cup, and the top 
of the cup represents the north pole 
of the magnet and the bottom char- 
acterizes the south pole. Now, 
imagine you could twist the top to 
the left and the bottom to the right 
(without spilling the coffee). The re- 
sultant field path through the mag- 
net would be spiral in shape. A per- 
manent magnet with a skewed field 
path finds less-preferred positions 
as it rotates past the stator. 


ay 


Other vendors attempt to make 
the reluctance path through the sta- 
tor more linear. Pittman, a manu- 
facturer of standard 4- and 3-phase 
de brushless motors with rotational 
speeds reaching 25,000 rpm, uses a 
toothless laminated structure in 
which a skewed winding reduces 
perturbations in the magnetic cir- 
cuit. 

NMB Inc uses an inverted struc- 
ture where the permanent magnet 
rotates around a fixed polyphase in- 
ner stator. The NMB motors’ sta- 
tors use a series of concentric coils 
encapsulated on a Mylar sheet and 
wrapped around a soft ferrite cylin- 
der (known as sheet coil technol- 
ogy). The stator current rotates 
through sets of offset coils to main- 
tain a nearly constant reluctance 
path and thereby minimize cogging. 

NMB’s brushless de motors are 
intended exclusively for spindle- 
motor drives in Winchester and op- 
tical disk-drive assemblies. The 
LM-38H-01 and the LM-3H-04, for 
example, are designed for 31/2-in. 
spindle motors; they range in price 
from $16 to $22 (100,000). 


Be aware of ripple torque 

Another factor contributing to 
variations in a brushless de motor’s 
torque is the back electromotive 
force (BEMF) waveform, which ap- 
pears at the winding terminals 
when the rotor rotates. The BEMF 
waveform affects the ability of the 
amplifier to push current into the 
winding, and thus it affects the in- 
stantaneous torque value. The ef- 
fect of this waveform is known as 
ripple torque. 

Motor manufacturers specify rip- 
ple torque as a percentage of the 


applied torque, and it is therefore 


most noticeable for a large applied 
torque. For smooth operation, the 
motor-current drive waveform 
should match the motor BEMF 
waveshape. Most motors use trape- 
zoidal drive waveforms to control 
motor speed. Sinusoidal waveforms 
exhibit less ripple torque, however. 
Inland Motor specializes in custom- 
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Whatever your application, Raytheon 
can open the door to the appropriate 
ASIC technology. With over 14 years’ 
experience in semicustom design, 
Raytheon offers you many choices— 
CMOS, low power ECL and digital 
bipolar, as well as linear arrays. 


L} CMOS arrays: Raytheon’s low- 
power CMOS arrays to 20,440 gates 
have a 1.0 wm effective channel length 
and rad hard capability. Both our 
VHSIC-approved and standard families 
have the lowest power consumption in 
the industry. The 2 wm RL7000 array 

is asecond source for LSI’s LL7000 
series. Standard cell solutions are 

also available. 


Access to the Right Technology 
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Raytheon offers you choices 


L] Low-power ECL arrays: The ECL 
products available from Raytheon have 
densities comparable to 1.5 wm CMOS 
arrays and I/Os compatible with ECL, 
TTL (10K or 100K), and CMOS. These 
ECL arrays also deliver the industry’s 
lowest power dissipation per gate. Their 
superior speed/power performance— 
<0.1pJ—provides the ASIC designer 
with state-of-the-art semicustom 
capabilities. 


_] Digital bipolar arrays: Our many 
years of experience in ISL array 
design and production give Raytheon 
a solid foundation for expanding 
ASIC technology. 


_] Linear arrays: Raytheon’s bipolar 
macrocell arrays with 8, 12 or 15 gain 
blocks and FET input arrays with 4 or 
12 gain blocks utilize precision thin-film 
resistors. They can be configured into a 
variety of analog functions, including 
voltage references, switches, 
comparators, op amps, and VFCs. 


Let Raytheon open the door to a world 
of ASIC choices, with our proven track 
record in multiple ASIC technologies. 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 
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Where quality starts with fundamentals. 
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You can meet the requirements of your particular application by choosing from Inland 


Motor Co’s custom core-motor structures. 


built brushless de motors with sinu- 
soidal BEMF drive waveforms. 
Cost estimates vary, depending on 
application requirements, but a 
typical estimate is $2/W. 


AC brushless=dc brushless 

When a de brushless motor em- 
ploys sinusoidal phase currents and 
a large number of poles on the rotor 
(10 or more), it is often referred to 
as an ac brushless motor. This type 
of motor is especially suitable for 
high-torque applications and their 
requisite slow-speed servomecha- 
nism operations. 

Contraves Goerz Corp, for in- 
stance, builds its so-called ac brush- 
less motors with as many as 64 rare- 
earth magnetic poles bonded to a 
thin rotor ring (ring motor). Rare- 
earth magnets, such as samarium 
cobalt or neodymium iron boron, 
have higher coercivity than ferrite 
magnets and are smaller and lighter 
for a given torque-to-inertia ratio. 

The large number of poles on ac 
brushless motors reduces cogging 
torque at very low speeds. How- 
ever, because commutation must be 
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performed for each pole, the control 
electronics is complicated. An ac 
brushless motor requires a pP to 
perform the commutation operation 
and to process velocity and position 
feedback information. 

All of the previously discussed 
motors come in their own enclosed 


i G8 PA 15222 
(412) 261-8600 | 
Circle No 717 


Fe 7 or more infor ation... 
For more information on the brushless de motors described in this article, 


contact the following manufacturers directly, circle the appropriate numbers © 
on the Information Retrieval Service card, or use ¢ EDN’ 8 cee Reais 


Baldor Motion Products = Group Eastern Air Devices Inc 


TSthSt 1 Progress Dr 9730 Independence Ave 
Fort Smith, AR 72902 — Dover, NH 03820 Chatsworth, CA 91311 
ee 646-4711 _ (603) 742-3330 (818) 706-5778 


Circle No 718 


Radford, VA 24141 
(703) 639-9046 tit«~*s 
CircileNo 7109 


housing. A number of manufactur- 
ers do offer frameless brushless de 
motors, however. These motors 
consist of the wound stator and a 
permanent-magnet rotor that can 
be attached directly to a shaft of a 
rotating device. The unhoused mo- 
tors make it possible to eliminate 
gears, belts, and other couplings. 
BEI Motion Systems Co offers 
six off-the-shelf frameless motor de- 
signs. At the low end is the 4-pole 
DXP09-04E, which has a peak 
starting-torque rating of 2.1 oz-in., 
a motor constant of 18.4 oz- an 
Vwatts, and a maximum recom- 
mended speed rating of 20,000 rpm. 
At the high end is the 8-pole DIP87- 
19A, with a peak starting-torque 
rating of 600 oz-in., a motor con- 
stant of 18.4/\/ watts, and a maxi- 
mum recommended speed rating of 
6000 rpm. Options include bore size, 
winding configuration, length, and 
a printed-circuit board with Hall- 
effect transducers. The DXP09-04E 
costs $69, and the DIP37-19A costs 
$259. 


Article Interest Quotient 
(Circle One) 
High 512 Medium 513 Low 514 
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Kollmorgen Corp _ Div of Penn Engineering j Mig. Corp 
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Simple as... 
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ntergraph makes ASIC design easy. 

We provide a complete solution for ASIC 
development to help you create optimized 
and verified electronic circuits. 


From your workstation, simply push a 
button to access... 

L} hierarchical schematic design 

L] online electrical rules checking 

[| leading ASIC model libraries 

L] user-generated custom libraries 

| high-speed logic and fault simulation 


Resulting verified netlists can be used with 
a wide selection of physical design tools 
that Intergraph offers for standard cell, 
gate array, programmable gate array, and 
programmable logic device designs. 


The ASIC Engineer Series offers schematic 
symbols, simulation models, netlisters, 
back-annotation utilities, and simulation 
vector conversion utilities. 


Our 5-MIPS CLIPPER workstations and 
servers give you the performance to produce 
advanced ASIC designs with lower part cost 
and greater architectural flexibility — to get 
your products to market faster. 


Integrating CAE solutions... 

Call Intergraph...800-826-3515 or 
205-772-2700. CAE really is as simple as 
pushing a button. 
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Intergraph and CLIPPER are registered trademarks of 
Intergraph Corporation. 


- §GS-THOMSON Power MO: FET rang 
— you don’ t find what obec need there 


__ ISOWATT 220, ISOWATT 218 and ISOTOP are trademarks 
__ Of SGS-THOMSON Microelectronics group of companies. 


S GS-THO ) SON Microelectronics S.A. 
7 Avenue Gallieni BP93 _ 
94253 Gentilly ee : 


47407910 | 


|TSDSMG40V 


[E POWER TO WIN. 


owerful technologies and design, powerful packaging techniques and powercul 
1anufacturing capacity all combine to give SGS-THOMSON Microelectronics,and 
you, the power to win. Technological know-how has given SGS-THOMSONareal 
edge in high voltage devices where our patented DIPS (Double Implanted Planar — 
Structure) is already in production with 800V and 1000V power MOS devices. 
Design and production mastery also help keep SGS-THOMSON right out therein 


front. Today, for wg we are able to produce power MOSFETs with densitiesas 
high as 2,300,000 cells per square inch to give you devices with unprecedentedly low _ g 
levels of Rps(on). : ee 
By combining our know-how in both bipolar and MOS power technologies wecan 
also offer you innovative solutions like our latest HIMOS, insulated gate bipolar tran- 
_ Sistors (IGBTs), which give you the best of both worlds—the easy drive of power MOS | 
_ with the high output current of bipolar. And right across the board, SGS-THOMSON’s 
experience in the field of discrete power devices gives us the technological, design, _ 
production and packaging know-how to produce devices rugged and reliable enough 

to meet your toughest application. CO 


That’s why SGS-THOMSON can give you the power to win. 
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TOSHIBA. THE POWER 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba / merica, Inc., Nye 737-9844, (503) 629-0818; 


SOUTHWESTERN REGION, Toshiba America, Inc., (714) 455-2000; SOUTH CENTRAL REGION, Toshiba America, Inc., (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT 
OFFICE, Fishkill, New York, Toshiba America, Inc., (914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; 
ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA (Northern) Elrepco, Inc., (415) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, 
(714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; FLORIDA, Sales Engineering Concepts, 
(813) 823-6221, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz, 
(314) 966-4977: INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, Carlson Electronics, (319) 377-6341; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company, (317) 842-3245; 
LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Componen's Sales, (313) 349-3940; MINNESOTA, Electric 
Component Sales, (612) 933-2594: MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977; MONTANA, Components West, (206) 885-5880; 
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IN MOS ICs. 


For years ‘Toshiba has been the power in 
MOS ICs. Leaders in static RAMs, IMB DRAMs, 
ROMs, and gate arrays. The world’s largest 
producer of cMos! A volume producer of logic, 
MPU, and custom products. So now who has 
the experience, the technology and the pro- 
duction capacity to lead the way? The people 
with the power, the #1 CMOS manufacturer 
in the world. Toshiba. 


TOSHIBA IS MEMORY POWER 
1MB mic RAMs 
We're the world leader in 
volume production of 1MB 


are thinking powerful memory, 
talk with us. 


Static RAMs in NMOS and CMOS 

We have fast 2Kx8 and 4Kx4 SRAMs at 25ns 
and fast CMOS 16Kx4 SRAMs, with or without 
output enable, and 25ns access times. On 
many high speed statics we can select 20ns 
‘ACC. Were leaders in byte wide memory 
products with the 2kx8 and 8Kx8/9 fast SRAMs, 
the 32Kx8 (256K) CMOS static and pseudo SRAMs, 
the new 1Mb pseudo/virtually SRAM, and the 
emerging 128Kx8 CMOS SRAM. 


ROMs in CMOS 
In CMOS mask ROMs, we are producing 1MB, 
2MB and 4MB devices in volume. 


EPROMs 1n NMOS and CMOS 
‘Toshiba was the first in the world to introduce 
the 256K CMOS EPROM. We can meet your needs 
with the high density 512K and 1MB EPROM. 
And now we're introducing a flash EEPROM and 
a new line of high speed 32Kx8 EPROMs that can 
accommodate an entire utility program. 


OTPs 
‘Toshiba has the broadest line of OTPs in the 
industry — 64K, 128K, 256K and 512K in DIP or 
Surface Mount Packaging. Available in volume! 


LDS is a trademark of LSI Logic Corporation. ©1988 Toshiba America, Inc. 


DRAMs! First to market! If you @ 


TOSHIBA IS MPU POWER 
‘Toshiba is a world leader in 
shipments of 8-Bit Single Chip 
Microcontrollers and 8-Bit 
Microprocessors. We also offer Peripherals, 
Speech Products and the powerful new Appli- 
cation Specific Standard Products (ASSPs) — 
Microprocessors and Peripherals integrated 
into a single Monolithic Silicon Die. In fact, 
‘Toshiba has one of the world’s most compre- 
hensive lines of CMOS MPUs. 


TOSHIBA IS LOGIC POWER 
‘Toshiba has been making CMOS 
logic for over 16 years. Toshiba 
introduced the first high-speed 
CMOS logic series. Today we 
are the world’s #1 CMOS logic manufacturer. 

Our new 74AC series has typical prop delay 
times of 3.5ns and maximum clock frequencies 
of 150 megahertz. That’s twice as fast as the 
original 74HC series. Toshiba CMOS logic meets 
applicable JEDEC specs. 


TOSHIBA IS ASIC POWER 
‘Toshiba has ample design capability at its 
design centers, so with our expeni- 
ence, new proprietary VL-CAD II 
software, and applications staff, 
you can develop your own 
advanced gate arrays up to 50,000 
gates, at 0.4ns gate delays; and your own 
standard cells up to 70,000 gates at 0.5ns. 
‘Toshiba’s semi-custom families use a 1.5 
and 1.0. CMOS process to give you the 
competitive edge. 

More importantly, ‘loshiba’s experience and 
long history of high quality, high performance 
CMOS production capability will ensure your 
success at the competitive edge. 

‘Toshiba. ‘The power in design, development 
and production. In DRAMs, SRAMs, NON-VOLATILE 
MEMORY, MPUs, LOGIC, CUSTOM and SEMI-CUSTOM. 


TOSHIBA AMERICA, INC. 


NEVADA, nar Inc., (415) 962-0660; NEBRASKA, D.L.E. Een yil (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, ee aia 891-4600; NEW JERSEY, Nexus- byes 


(201) 947- 0151; NEW MEXICO, Summit Sales, (602) 998- -4850; NEW YO 


NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933- 2594: es ae & Associates, (216) 461- 8333: (419) 884- 2313, (513) 293-3145; OKLAHOMA, M MIL-REP Associates, (214) 64 
A Abe Sefer wots (412) 276- 7366; RHODE ISLAND, gree Ane (617) 891- ‘4600: TENNESSEE, ontgomer mandi. Inc., 

TAH, Straube ‘Associates Mountain States, Inc., (801) 263 
5880, 1508) 922. 2412: W WISCONSIN, Carlson Electronics, (414) 476 o700, Electric Component Sales, (612) 933-25 2594: 


Components West, (503) 684-1671; PENNSYLVANIA, oe Sey: (215 5) 67 600, 
(205) 830-0498; TEXAS, MIL- ge Associates, (512) 346 1, (713) 444-2557, rae 
Steffen & Associates, (419) 884-2313; WASHINGTON spaiewed lh West, (206) 88 


RK, Nexus Technology, (201) 947- -0151: Pi- tronics, (315) 455- -7346; NORTH CAROLINA/SOUTH CAR 


OLINA, Montgomery Marketing, no, ea es 319; 
iat. OREGON, 


1-4600; WEST VIRGINIA, 


640: VERMONT, Datcom, Inc., (617) 89 
WYOMING, Straube 


Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA Components West, (206) 885- 5880: ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 592-3214; QUEBEC, Electro Source, Inc., 
486. 


(514) 630-74 


EDN September 15, 1988 


CIRCLE NO 135 


MST-88-005-1 
79 


80 


Plug the performance gap: 
our plug-in A/D Converters offer 
50 kHz to 125 kHz performance. 


©1988, Harris Corporation 


Upgrade without redesigning. 


Our family of 12-bit ADCs provides a good/ 
better/best selection of conversion speeds 
and performance features — so designers can 
meet system requirements without over- 
specifying, and increase system speeds 
without redesigning. 

All three pinout-identical models are com- 
plete 12-bit ADCs with reference and clock, 
incorporating 8-, 12-, or 16-bit microprocessor 


bus interface with 150 ns bus access time. All 


guarantee break-before-make action, 
eliminating bus contention during read 
operations. 

Conversion times: Model HI-574A, 
20 ps...HI-674A, 12 us...HI-774, 8 us. 


The HI-774 features a smart successive ap- 
proximation register; its digital error correc- 
tion circuitry improves dynamic accuracy and 
throughput rate. All three ADCs can operate 
under control of the processor, or in a stand- 
alone mode. Models come in commercial and 
military temperature ranges —- including MIL- 
STD-883. Packages: 28-pin Cerdip and 
leadless chip carriers (LCCs). 


For information contact: Harris Systems 
Ltd., Semiconductor Sector, Eskdale Road, 
Winnersh, Wokingham, Berks, RGI1] 5TR, 
England. 


IN HIGH-SPEED A/Ds. 


THE NAME IS 


HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


Na 
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“Fast Harris ADCs 
compensate for slower 
components.” 


San 
Fal, ; 
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‘troller market 
_of a single chip 8-bit UNV» 
‘the S87C51. The new Signetics 


8-bit C 


‘market witl trod 
chip MOS pa 


device is a direct functional replace-_ ofH 


ment for Intel's popular 87C51/— 
80C51 microcontroller products. _ 
The $87C51 features a 4K x 


microprocessor to improve 
product performance. 


That’s where Signetics 
comes 10. 


Your dependable, worldwide 
supplier of quality ICs. 


Processed with leading-edge 
technology and supported 
with customer oriente 
service. 


total performance of your 
design. 


Ultra-fast microprocessors get most of the 
glory for improving total system performance. 


But what good is a high-speed MPU if the 
other 95% of your system can't keep up with 
it? And what about designs that don't 
require a microprocessor? 


At Signetics, we haven't developed propri- 

etary MPUs. Instead we've concentrated 

on the other 95% of your system. Weal 

it “the guts’ 

Those essential devices*that keep pace 
with the hota#few MPUs to improve 
total syStem performance. 


OWe make it easy for you to get 
them. From one vendor. In less 
time. With less paperwork. For 
less cost. Over 28,000 different 
types of devices in a variety 
“* st of packages, including military 
and SMD. From the standard 
PROMs and EPROMs needed 
to program your design to 
7 proprietary bus arbiters that 
pwr" cnls Make your system meta- 
Nace Stable-immune. And for 
put pe wed your application specific 
projects we've got PALs” 
plus the PLDs and PML that 
we invented. 


We offer over 300 linear ICs, includ- 
ing new Fiber Distributed Data 
Interfaces (FDDIs) that reduce your 
networking costs. And more high speed 
CMOS microcontroller derivatives than 
youll find anywhere else—including OTP 
EPROM versions and SMD packaging. 


We cover all your technology essentials. 
One look at our Technology Roadmap 
(below right) tells you where we are, 
and where were going. 


But that’s not all. 


We're big on quality. As a maj 
of ICs to the military, we haVe to be. Setting 
the industry quality,standard—from our 
statistically insigfiificant 35 PPM to our 
zero defects*warranty. 


We're’part of N.V. Philips. That means 
you benefit from our worldwide resources. 
From Philips’ global R&D facilities to 
Signetics’ new 1 micron CMOS& Class 1 
water fab. 


We've got the guts. Were not just talking 
product. We mean people too! Individuals 
who rise to any challenge, and are fanatical 
about customer service and support. 


For example, our Electronic Data Interchange 
(EDI), gets our people closer to yours and 
shortens the time we need to respond to your 
requests. And our Just In Time (JIT) pro- 
gram enables our people to deliver product 
exactly when your people need it. This 
keeps your production on schedule and 
reduces your inventory cost. 


There you have it. Products. Technologies. 
Services. The essentials you need to im- 
prove the total performance of your system. 


Were Signetics. We've got the guts! Make 
us prove it. Call (800) 227-1817, ext. 982 and 
ask for our new capabilities brochure. 
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Widespread graphics use spawns 
diversity in data-compression devices 


J D Mosley, Regional Editor 


The increasingly pervasive use of 
graphics has generated a need for 
the efficient transmission and stor- 
age of graphic images—two tasks 
for which data-compression tech- 
niques are well suited. Today’s op- 
tions are varied and include hard- 
ware, board, and software prod- 
ucts. Facsimile transmission or fax, 
for example, has long been of inter- 
est to the Japanese, who can use 
neither the American Standard 
Code for Information Interchange 
(ASCID) nor the Extended Binary 
Coded Decimal Interchange Code 
(EBCDIC) to transmit the charac- 
ters of their language. And now the 
ever-increasing demands for high- 
speed communication via local-area 
networks, the rising use of docu- 
ment scanners, and the need for ef- 
ficient mass storage of graphics on 
magnetic and optical disks have to- 
gether fired the interest of Ameri- 
can engineers in data compression. 

A single 81/2x1l1l-in. page 
scanned at a resolution of 300 x 300 
pixels/in. requires more than 1M 
byte of storage and takes 15 min- 
utes to transmit via a 9600-baud 
modem. To reduce the expense of 
bit-mapped storage and communi- 
cation, CCITT established interna- 
tional standards for compressing 
monochrome data for digital facsim- 
ile transmission. 

The two most popular compres- 
sion algorithms presented by the 
CCITT are the 1-D Modified 
Huffman (MH) and the 2-D Modi- 
fied Relative-Element Address- 
Designate (Modified READ or MR) 
codes. MH encoding translates run 
lengths of identical pixels into bi- 
nary codes, whereas MR encoding 
compares adjacent scanned lines for 
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Data-compression techniques based in software provide the maximum flexibility to meet 
new design requirements or future changes in technical standards. The CCITT Function 
Library from Texas Instruments lets you transform a TMS34010 Graphics System Processor 


into an efficient data-compression processor. 


color changes. 

The MH algorithm removes re- 
dundant information in a single 
scanned line by assigning a run- 
length code to each 64-pixel length 
of data. The code indicates the num- 
ber of consecutive black or white 
pixels encountered along the scan 
line. Although MH encoding offers 
faster processing speeds, its com- 
pression ratios fall short of those 
obtained using 2-D encoding. 

MR 2-D encoding compares a 
scanned line of pixels to the line of 
pixels immediately above it and en- 
codes the scanned pixels in a way 
that takes advantage of the similari- 
ties between the two lines. The 
scanned line then becomes the ref- 
erence for the next line to be 
scanned. The MR algorithm is more 
complex than MH—it compares the 
sean line to the line immediately 


above (the reference line) and as- 
signs a code that identifies relative 
changes in pixel colors between the 
two lines. 

The MR 2-D encoding results in 
greater data compression than the 
MH algorithm can achieve. MR ra- 
tios of pixels to code bits range from 
7:1 to 50:1; MH ratios typically run 
between 5:1 and 15:1. However, 2- 
D encoding requires temporary 
storage of the reference line data, 
and demands more complex logic 
circuits and memory configurations 
than MH schemes. Also, MR encod- 
ing errors are propagated through- 
out the entire document, whereas 
an MH error remains isolated. 

These two CCITT algorithms 
also share some limitations: They 
specifically address monochrome 
data—compression standards for 
gray-scale and color images do not 
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yet exist. Although you can present 
RGB color images as three distinct 
layers of gray-scale data, the ran- 
domness of gray-scale image pat- 
terns presents a special problem. 
The more random the patterns, the 
harder it is to compress an image; 
in fact, it’s impossible to compress 
purely random data. 

Some fax manufacturers have de- 
veloped proprietary schemes for 
compression and decompression of 
nonmonochrome graphics, but us- 
ing these schemes requires that the 
sending and receiving fax machines 
come from the same manufacturer 
and use the same algorithms. 

The Imageterminal from Image 
Data Corp uses one such proprie- 
tary scheme. This VT-100-compat- 
ible terminal compresses both text 
and gray-scale data by as much as 
a 10:1 ratio and transmits the com- 
pressed data over standard phone 
lines at 9600 bps. The terminal of- 
fers a 592 x 440-pixel resolution 
with 256 shades of gray in its high- 
fidelity mode and thus can combine 


Ao-A15 


AD1.6-AD23 


sharp-edged text and gray-scale 
graphics in a single image. 

A full-frame mode provides 128 
shades of gray with a 296 x 220- 
pixel resolution; a document mode 
limits you to 16 gray levels at 
592 x 440-pixel resolution. In addi- 
tion, a fast-capture mode can grab 
about 50% of the image data. Tele- 
phone transmission of these com- 
pressed images typically takes from 
10 to 40 sec, which translates into 
about 256k bytes of uncompressed 
image data sent every 7 sec. Prices 
for the Imageterminal range from 
$2495 to $3995. 

Hitachi has addressed the prob- 
lem of processing gray-scale data 
with the HD63084 image preproces- 
sor chip. This 64-pin IC corrects 
shade distortions at high speeds, 
makes the picture elements 0.125 
to 8 times denser than the original, 
and automatically assesses line 
thickness. It uses a dithering algo- 
rithm that intersperses black and 
white pixels to simulate shades of 
gray at rates as fast as 5 MHz. You 
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can also select a mode that provides 
16 levels of digitized gray coding. 
The chip also includes a shading 
data memory, a sensor interface, a 
sensor S/H, and a peak-value detec- 
tor. It can process images as wide 
as 5280 picture elements. The chip 
interfaces with 8-bit computer- 
system buses and includes a built-in 
printer interface. 

The Document Image Pre-Proc- 
essor is a companion chip for the 
HD63085 Document Image Com- 
pression Expansion Processor. 
Compatible with the CCITT MH, 
MR, and Modified Modified Read 
(MMR) standards, the HD63085 can 
process a typical ISO A4-size docu- 
ment in approximately 0.85 sec. 
The chip accommodates paper in 
programmable widths that can in- 
clude 65,585 picture elements. It 
also offers programmable registers 
for design flexibility. The HD63084 
sells for $26.40 (10,000); the 
HD63085 costs $96.70 (10,000). 

Negative compression poses a 
significant problem. If a scanned 
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Offering data-compression ratios ranging from 5:1 to 50:1, Advanced Micro Devices’ AM7971 Compression Expansion Processor integrates 
Group 3 and 4 CCITT compression functions on a single 68-pin chip. Its full-duplex mode lets you perform simultaneous compression and 


expansion operations. 
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image has many black and white 
transitions, the size of the com- 
pressed image generated by MH 
and MR algorithms may actually 
exceed the size of the original im- 
age. This typically occurs when an 
image contains single-colored run 
lengths of five or fewer pixels. Such 
short run lengths result in in- 
creased pattern randomness. 

Because the code for a short run 
of pixels could actually contain more 
bits than the number of pixels in 
the run, it is more efficient to sim- 
ply store the ones and zeros that 
represent the actual pixels. Accord- 
ingly, your system must check the 
size of every compressed image and 
provide a method for deleting any 
negatively compressed image seg- 
ments and storing the original seg- 
ments instead. 


Chips, boards, or software 

Out of the range of boards, hard- 
ware, and software, you should be 
able to find a data-compression 
product that fits your specific appli- 
cation. Each type of product, how- 
ever, has its disadvantages as well 
as its benefits. 

Hardware provides high com- 
pression ratios at the fastest rates 
of speed. But when the CCITT es- 
tablishes standards for gray-scale 
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and color data compression, it may 
be difficult to upgrade data-com- 
pression ICs. Board-level solutions 
offer slightly greater flexibility for 
protocol modifications; on the other 
hand, they do tie you to a specific 
bus and require significantly more 
space. Software is by far the most 
flexible solution, but it offers the 
slowest compression speeds. 


Software provides an option 

Texas Instruments (TI) offers a 
CCITT data-compression library as 
a complement to its 32-bit CMOS 
TMS34010 graphics processor. This 
software allows you to use the 
34010 in applications that apply 
CCITT Group 3 and 4 standards. 
To use it, you need a PC-DOS or 
MS-DOS computer, TI’s assembly- 
language tools package, and the 
34010 C compiler. 

The TI library lets a 34010 per- 
form MH, MR, and MMR encoding. 
The Group 3 MR algorithm uses 
MH encoding for the initial scanned 
line in an image, whereas Group 4 
MMR encodes the entire image in 
2-D. Group 4 encoding provides 
maximum compression, but re- 
quires the longest processing 
time—often more than triple the 
MH compression and decompres- 
sion speeds. 
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In comparison with dedicated 
data-compression ICs, the 34010 
and its data-compression software 
do offer certain advantages. For in- 
stance, the 34010 is a fully program- 
mable processor with a built-in 
graphics instruction set that in- 
cludes Pixel Block Transfer 
(PixBIT) operations. Furthermore, 
it supports preclipping for window- 
ing, plane masking, transparencies, 
and binary-to-color expansion op- 
erations. 

The 34010 also includes a host in- 
terface, a 256-byte instruction 
cache, two register files, video 
RAM, and a CRT controller. These 
features make your circuit easily 
adaptable with software, should 
you encounter changes in specifica- 
tions, standards, or applications. 
Furthermore, the 34010 is a bit- 
addressable y.P, making it a par- 
ticularly good IC for data compres- 
sion because its on-chip barrel 
shifter eliminates software-based 
data shifting. The 34010 comes in 
40-, 50-, and 60-MHz versions; 
prices start at $30 (100,000). TI li- 
censes the CCITT Function Library 
for a one-time charge of $3000. 

Tekand Lals makes continuous- 
feed scanners that process 500 
dots Xx 50 lines per in. for large docu- 
ments such as maps and blueprints. 


as 


For decompressing data at rates to 20M bps, Brooktree’s Bt70101 Image Decompression Processor comes packaged as an expansion board 
for the IBM PC/AT bus. The board offers nearly real-time data retrieval. 
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It's not uncommon to crave 
extra speed from a standard PLD. 
But until now it’s been nearly 
impossible to find a device in your 
favorite flavor with the speed you 
really need. 

That’s why Lattice Semicon- 
ductor offers the GAL16V8A and 
GAL20V8A. Together they give 
you 42 standard PLD types, 
including most PAL® devices. 

All at 12 ns. The largest selection 
of high-speed PLDs. 


Bipolar speed at half power. 

These two GAL devices don't 
just give you 12 ns gate delays. 
With Lattice’s ES;CMOS™ technol- 
ogy, they give you 12 ns at half the 
power of bipolar PLDs. 

Lattice GAL devices also help 
you reduce inventory-without 
sacrificing design options. Stock- 
ing two flexible GAL devices is 
like stocking 42 standard PLDs. 

This unique flexibility comes 
from Lattice’s proprietary Generic 
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E2CMOS is a trademark of Lattice Semiconductor. 
GAL is a registered trademark of Lattice Semiconductor. 
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Array Logic ( 
With output logic macrocells 
(OLMC), it’s an architecture that 
lets you peers outputs to 
emulate a wide variety of PLDs. 


Near-perfect quality. 
Unlike other PLDs which are 
statistically tested, Lattice tests 


every characteristic on every part. 


Repeatedly. As a result, function- 
ality, AC/DC performance, pro- 
grammability and specifications 
are guaranteed. 

The benefit of all this testing is 
near-perfect quality. Combined 


4) favorite PLD 


avors. Now in 
ns GAL parts. 


with GAL device programmabil- 
ity and reuseability, this signifi- 
cantly reduces the cost of PLD 
ownership. 


Standard tool support. 

Since GAL devices are pin-for- 
pin compatible with standard 20 
and 24 pin PALs, you can continue 
using the same fuse maps you've 
used all along. And standard 
programming tools as well. 

So order your free copy of the 
Lattice GAL Data Book today. 
Then, next time you need fast 
PLDs, be sure to specify GAL 
devices. In just two parts you'll 
discover 42 favorite flavors. 

From Lattice Semiconductor, of 
course. With more fast PLDs than 
anyone else. 


Lattice 


Semiconductor 
Corporation ™ 


5555 N.E. Moore Ct. * Hillsboro, OR. 97124 


The GAL Revolution Starts Here™ 


Copyright © 1988, Lattice Semiconductor Corporation. 
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It relies heavily on data compres- 
sion to reduce images to a manage- 
able size for storage and transmis- 
sion. Tekand uses relative quad 
trees and 2-D compression tech- 
niques. Relative quad trees—also 
referred to as pointerless quadruple 
trees—require precompression 
preparation of the image by divid- 
ing the image into blocks of small 
pixel arrays called tiles. Each tree 
is a software algorithm that keeps 
a set of tiles in order. Typically, 
tiles are 512 x 512-pixel arrays. 

Tekand’s raster-image compres- 
sion algorithms begin with the as- 
sumption that the entire image is 
white; the scanner compresses only 
black elements. Then it examines 
the first tile. If that tile is white, 
the system examines the next tile. 
When a tile is not completely white, 
the scanner sections it into four 
smaller tiles, which the system then 
checks for completely white arrays. 
This technique results in compres- 
sion ratios ranging from 20:1 to 
100:1. 

Custom units with DEC DRV-1 
interfaces run from $20,000 to 
$100,000 and offer impressive per- 
formance. An individual system can 
compress or decompress a typical 
500M-pixel image in approximately 
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8 secs. The company also offers a 
3-board PC/AT system with an en- 


coder, scaler, and decoder; this sys- — 


tem can convert one complete im- 
age in approximately 17 msec. 


In dedication is strength 

VLSI chips that are dedicated to 
CCITT data compression offer the 
best performance for most applica- 
tions. Advanced Micro Device’s 
Am7971 Compression Expansion 
Processor includes bit-boundary im- 
age processing and a full-duplex 
mode for simultaneous independent 
compression and expansion opera- 
tions. Featuring a dual-bus archi- 
tecture and on-chip DMA, the 
Am7971 can process documents as 
wide as 3.4 ft at 400 pixels/in. 

The Am7971 can address as much 
as 16M bytes of memory on both 
the system bus and the document 
bus. Separate and independently 
programmable compression and ex- 
pansion processors enhance speed. 
The chip also provides 46 program- 
mable registers for address point- 
ers, parameters, and status infor- 
mation. On-chip error detection 
checks for negative compression, il- 
legal codes, incorrect line lengths, 
and transmission errors. Non- 


CCITT options include vertical im- 


age-resolution conversion and 
granularity control. 

Three versions are available: a 8- 
MHz LCC version of the Am7971 
for $80, a 5-MHz PLCC model for 
$55, or a 3-MHz PLCC version for 
$23 (100). If you want to add text 
compression and expansion to an 
IBM PC or compatible, the com- 
pany will sell you an evaluation 
board for $1150 


Save time and space 

One set of products that saves 
you time as well as space is Hewl- 
ett-Packard’s family of 1/2-in. reel- 
to-reel streaming-tape drives—the 
first such drives to incorporate elec- 
tronic data compression. By com- 
pressing backup-data to anywhere 
between a half and one-fifth of its 
original size, the system reduces 
the need for time-consuming reel 
changes and the resulting drive 
downtime needed for tape loading, 
rewinding, and handling. Further- 
more, because the unit compresses 
the data before sending it to the 
unit’s 512k-byte buffer, the data 
buffer becomes effectively larger, 
and the data-transfer rates increase 
to 1.6M bps. 

HP uses a proprietary data-com- 
pression algorithm called Option 
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400 that is implemented in VLSI 
hardware. Option 400 recognizes 
every repeated data pattern, re- 
gardless of complexity, and replaces 
it with special codes. The entire 
compression process occurs in the 
tape drive and is transparent to the 
host. Read/write operations take 
place at the rate of 125 ips for data 
densities of 1600 and 6250 cpi. The 
HP 7980XC tape drive sells for 
$32,200. 


Decompression finds a niche 

Data decompression may actually 
represent a bigger market than that 
provided by data compression. Ap- 
plications like high-speed data re- 
trieval from optical-disk archives 
create a need for real-time data de- 
compression to allow researchers to 
flip through pages of electronic 
documents as quickly as they could 
flip through a book. 

One product that addresses this 
processing task is Brooktree’s 


Bt70101 Image Decompression 
Processor. Packaged as an expan- 
sion board for the IBM PC/AT bus, 
the Bt70101 decompresses data at 
a 20M-bps decompression rate. The 
unit conforms to CCITT recommen- 
dations T.4 and T.6 for Group 3 and 
Group 4 facsimile image decoding, 
and is thus suitable for use in high- 
speed fax servers as well as image- 
database retrieval systems. An 
evaluation kit containing a Bt70101 
decompressor board, a user’s guide, 
and software providing demonstra- 
tions, diagnostics, and samples of 
compressed image files, costs 
$1995. 

Jeff Teza, Director of Brooktree’s 
Subsystems Group, estimates that 
the demand for decompression is 
ten times that for data compression. 
For example, a large LAN may 
have only one scan server but sev- 
eral other stations that allow users 
to view (but not change) data. One 
scan server suffices for all document 


compression and storage, but every 
viewing station on the LAN must 
have decompression capability so 
that all users can have access to 
data. In response to the suggestion 
that such a “look but don’t touch” 
environment is undesirable, Mr. 
Teza noted that LAN users, like li- 
brary users, frequently need just to 
refer to data, not to change it. 
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Our offering starts with our CHAMP 
connector family. 

IDC termination, 28 AWG to 
22 AWG, insulation diameters to 
.055 Shielded versions designed to 
shield, with solid characteristics out 
to | GHz. 

Basically, an industry standard. 
But the proof of connector perfor- 
mance starts with supplier performance 
our response to your needs, from 


Available in cable- 


: ‘cable-to-board styles, shielded or u 


able-to-panel, and 


nshielded. 


Fastening hardware includes screw-lock, ~ 
-__ pail-lock, integral spring lock, or 
— CHAMP-LOKstyles, = 


getting product to simply getting some 
answers. 


Test our reflexes. 

Our real job is to be the kind of com- 
pany you want to do business with. 

So we take availability seriously, 
and make AMP products available the 
way you need them. From worldwide 
manufacturing and stocking to our 
nationwide network of AMP Autho- 


rized Distributors, we offer the source 


that suits you. 


You sometimes need parts in a 
rush. We’ve done something about 
that, too. We’ve taken our popular 
industry standard products—including 
CHAMP connectors—and stocked 
up, nationwide. 


Your Immediate Shipment 
| Catalog is ready. 
For thousands of products from 
switches to sockets, terminals to coax, 
and more, our Industry Standard 
Products Catalog is almost as good 
as a warehouse around the corner. 
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LTS \ — aunique ratcheting | _ : 


+ 


AMP. CHAMP. CHAMP-LOK, and ACTION-PIN are trademarks of AMP Incorporated. 
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back-to-back versions 


And you can get your copy just Any question we can’t answ oe sestion ole 
er, For the name and location of you! 
by Ss our Information Centerand = any problem we can’t solve on the nearest AMP pein ag 
asking for it. spot, will get priority attention. It Distributor, call the 

One number to call. : doesn’t matter if your concern is a big toll-free number. 


Wee oncolidated our wiformation «= little one. Your business 
systems into a single toll-free number,  MAH€rS to us. We want to be your supplier. 


with hours to cover the business day, 


coast to coast. ANF interconnecting ideas 


~ Call us. We can supply product 


literature. Answer technical questions a , 
about any of our catalog products. { 
Guide you to the closest AMP , e e a _ 
Authorized Distributor. a : , 
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Simplify your life 
with single source supply. 


SINGLE-CHIP MICROCOMPUTER. 


ffering higher integration, higher speed 
and enhanced functionality, the V25 
meets more of your design needs. Which 


is why so many innovative designers are choos- 
ing the V25 for their 16-bit micro-based systems. 


O High integration: programmable interrupt con- 
troller; 2-channel serial I/O port; three 16-bit 
timers; time-base counter and more. 

0 High speed: 16/32-bit temporary register/shift- 
er; 16-bit loop counter and prefetch pointer. 

O Enhanced interrupt handling: 8 programmable 
priority levels, hardware context switching for 
8 register banks; 8-channel macro service 
controller. 

0 Two stand-by modes: halt and stop. 


C:C Computers and Communications 


THE FIRST 2M-BIT CMOS EPROM. 


EC has just launched UV EPROMs into the 
N 2M-bit era. The new wPD27C2001D gives 

you 2M-bit capacity in a 256K x 8 organi- 
zation. High integration is complemented by high | 
speed. With access times as fast as 150ns, our 
2M-bit devices eliminate wait states for your CPU. | 
Programming is also fast at 100us per byte. | 
The 4-byte page write mode multiplies program- 
ming speed. 


O Organization: 256K x 8. 

XO Access time: 150/170/200ns. 

1 Power consumption: 30mA max/ 
6.7MHz operation; 100“ZA max/ 
Standby. 

XO Programming: 100yus/byte with 
O.1ms pulse at 12.5V; 4-byte/page 
write mode. 

0 Package: 32-pin 600 mil CerDIP 
with JEDEC standard pinout. 


Eanes 


For fast answers, call us at: 


USA Tel:1-800-632-3531. TWX:910-379-6985. Sweden Tel:08-753-6020. Telex:13839. 
W. Germany Tel:0211-650302. Telex:8589960. France Tel:1-3946-9617. Telex:699499. 
The Netherlands Tel:040-445-845. Telex:51923. |taly Tel:02-6709108. Telex:315355. 


hen you're buying semiconductors, multiple vendors can cause 
major mixups. To simplify everything, build a committed single-source 
relationship with one supplier: NEC. 

We're the world’s largest semiconductor manufacturer. We offer the in- 
dustry’s broadest lineup. The technology and quality of our components 
have made us an international leader in computers, communications and 
home electronics. 

How do you get volume, variety, on-time delivery and applications 
support across the full spectrum of your semiconductor needs? It’s simple. 


Build a single source relationship with NEC. 
ey 


: fe DUAL-PORT GRAPHICS BUFFER. 
ead and write speeds are the critical param- 


eters for ECL RAM performance. NEC has N EC’s new megabit dual-port buffer chip is 


R cut access time to 5ns and write cycle time designed for super fast graphics processing. 
to 7ns with our new ultra-fast 4K-bit ECL RAMs. A unique “Flash Write’ function clears the 
How did we boost performance that high? screen in a flash. The 256K x 4 RAM port allows 

s By using super-shallow _ bit write and fast page mode for high-speed bit 
junction transistors, operations. The 512 x 4 serial port operates at 
trench isolation tech- clock speeds up to 33MHz to handle high 

nology and Schottky resolution graphics. To add value to your image 
diode clamp-type mem- _ processing system, design-in our wPD42274. 

ory cells. Both ECL 10K 
(uPB10474A) and 100K 
(uPB100474A) interface 
devices are available. 


CX Speed: RAS access — 100/120ns; CAS access — 
25/30ns; serial read cycle — 30/40ns. 

FX Power consumption: stand-by—3mA; random 
read/write (serial port active) — 100/90mA. 

XO Organization: 1K x 4. - Package: 28-pin 400 mil ZIP and SOJ.” 

O Access time: 5/7ns. “Under development. 

C1 Power consumption: 1.2W. 

— Package: 10K — 24-pin ceramic DIP; 1OOK — 
24-pin ceramic DIP/QFP. 

XO Broad line of other ECL RAMs available: from 
1K to 16K-bits; supplied in a diversity of organi- 
zations and speeds. 


Pees rate Sangeet Male Re ce ee AO OS, 6b ne SO NE ess OA oA SS 
UK Tel:0908-691133. Telex:826791. Singapore Tel:4819881. Telex:39726. 
Hong Kong Tel:3-755-9008. Telex:54561. Australia Tel:03-267-6355. Telex:38343. 
Taiwan Tel:02-522-4192. Telex:22372. 


The “Look and Feel” CAE Users Have Been Looking For 


On-Screen Prompt line makes Hierarchical Menus eliminate 
it easy to find the feature keyboard commands. 
you're looking for. 


Action Button selects 
functions. 


Menu Button toggles 
between menu and 
graphics. 


Pan Button Redraws 
screen around 
cursor location. 


EE Designer III takes 
advantage of all 3 mouse 
buttons for maximum 
Command Line displays EE Designer III supports workstation-quality operating speed and 
selected function. graphics up to 1280 x 1024 resolution, or uses throughput. 

standard VGA, EGA, or CGA color graphics. 


Introducing EE Designer IIT” 


The first ergonomic PC-based CAE software system 


The fact is that today’s CAE 
software systems have a lot of 
features. The problem is that 
you have to read a huge manual 
or go to a HELP screen to find 
the feature you need. 


Finally, an integrated desktop CAE 
software system with all the features 
you need plus an ergonomic user 
interface that lets you easily find 
and access them. 


So whether you’re capturing a sche- 
matic or Auto-Routing your printed 
circuit board you can always find 
the function you need. 


The EE Designer series of products 
is distributed worldwide by a com- 
bination of Visionics Corporation 
in North America and Betronex 
Group in Europe, Asia, Australia 
and South America. 


Join the family of over 7000 world- 
wide users who have found that the 
EE Designer series of products get 
the job done. 


EE Designer III combines on-screen 
function prompts with a graphic- 
based hierarchical menu structure. 


Outside North America Contact: In North America Contact: 


IBETRONEX P ADL LUD 
Sak TRONIK AB C< 0 SF OTR AO NK 
Box 1337 343 Gibraltar Drive 


S-181 25 LIDINGO, Sweden 
Tel: +46 8 7679205 
Fax: +46 8 7318118 


Sunnyvale, CA 94089 
(408) 745-1551 1-800-553-1177 
Telex: 346352 Fax: (408) 734-9012 
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The deterministic character of Arcnet 
proves ideal for the factory floor 


Doug Conner, Regional Editor 


Today, with approximately 
1,000,000 Arcnet nodes in service, 
Arenet is a significant networking 
standard, yet compared with Eth- 
ernet it remains relatively un- 
known. You can expect to hear 
more and more about Arcnet net- 
works, however, as people increas- 
ingly realize what benefits Arcnet 
has to offer. These benefits are es- 
pecially evident in factory-floor ap- 
plications. 


CSMA/CD vs token passing 

The primary difference between 
Ethernet and Arcnet is that Eth- 
ernet uses a CSMA/CD (carrier- 
sense multiple-access/collision-de- 
tection) networking protocol, and 
Arenet uses a token-passing proto- 
col. These two different protocols 
force requirements on the network- 
ing systems that make them very 
different. 

Ethernet allows any node to in- 
stantly begin sending a message to 
another node as long as there is no 
other traffic on the network. Even 
when there’s light network traffic, 
an Ethernet node can still quickly 
gain access to the network and send 
messages to another node. Eth- 
ernet’s 10M-bps data-transfer rate 
allows long messages to be trans- 
mitted rapidly, provided that the 
computer interfaces can also main- 
tain the 10M-bps rate. 

Problems with a CSMA/CD pro- 
tocol arise when network traffic in- 
creases to the point where collisions 
become common and network 
throughput is drastically degraded 
due to network contention prob- 
lems. When such a situation occurs, 
the data transferred per unit time 
can actually drop substantially. 
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Arenet-interface cards support a wide variety of buses. These Contemporary Control Sys- 


tems’ cards support Multibus I, the PC bus, and the STD bus, respectively. The other two 


products are modular active hubs. 


Arenet’s token-passing protocol is 
essentially a polling-access commu- 
nication method. A token passes se- 
quentially to each node; the node 
with the token can send a packet 
of data to another node, and it must 
then pass the token on. When there 
is light traffic on the network, the 
token travels to each node on the 
network (255 is the maximum num- 
ber of nodes that an Arcnet net- 
work can support), even if only one 
node has a message to send. 

Although Arenet’s token-passing 
protocol takes time away from mes- 
sage transmissions, an Arcnet net- 
work doesn’t suffer from collisions. 
Alleviating the chance of collisions 
keeps data transmissions from be- 
coming bogged down when network 
traffic gets heavy. Moreover, be- 
cause an Arenet network doesn’t 
have to detect collisions, its hard- 
ware is simpler than Ethernet. 

As network traffic increases, 
Arenet’s token-passing overhead 
becomes a smaller percentage of 
network traffic. An Arcnet network 
with heavy traffic spends less than 


2% of its time token passing. De- 
spite Arenet’s data-transfer rate of 
2.5M bps, the rate of successfully 
transmitted data can exceed that of 
Ethernet when network traffic is 
heavy. 

Arcnet shows a linear increase in 
the amount of time required to send 
a message from one node to another 
until network traffic reaches the 
point where every node is sending 
the maximum 508-byte packet each 
time it receives the token. The 
amount of time that Ethernet re- 
quires to send a message becomes 
nonlinear at the point when colli- 
sions begin to consume significant 
amounts of time. 


Worst-case response is vital 
Factory-floor-automation applica- 
tions are often more concerned with 
the worst-case response time than 
with the data-transmission rate. 
Because Arcnet allows you to calcu- 
late the worst-case response time 
of the network, you can monitor and 
control critical machines and proc- 
esses within guaranteed times. 
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Who takes PWM. 
tofar places? | 


ATRULY FINE FAMILY Prompt Delivery. 


Military Temp Range Commercial Temp Range More Information. 
(— 55°C to 125°C) (O°C to 70°C) 


Voltage Mode Sample units 
SGI524 SG3524 available for evalua- 
ena oS tion. Because of our 
SG1526 SG 3526 unique manufactur- 
The General brings SG1526B es ing technology, 
designers everywhere from SGi7A a . quantity delivery is 
everywhere the latest arrays of PWM’s for SG1529 SG3529 fast. Complete tech- 
an ever growing list of applications. Current Mode nical information 
Newest PWMss include the SG1844/1845 ee aos yours for the asking. 
Current-Mode PWM Controller, SG1528/1530 High SG1843 eee Please address Silicon 
Speed Current/Voltage Mode Controller, SG1526B and SG1844 SG3844 General, 11861 West- 
5G1529 Regulating PWM’, and SG1825 high-speed ae ie. ern Avenue., Garden 
current mode PWM. SG1847 SG3847 Grove, CA 92641. 
Silicon General PWM% are offered in voltage Current and Voltage Mode Phone (714) 898-8121. 
mode, current mode, and voltage and current modes. SG3528" TWX 910-596-1804. 
SG1530" SG3530" FAX 893-2570. 


They are available in ceramic, plastic and surface 
mount. The General processes PWM$ and supervisory 


circuits to 883B, Rev. C and S Level. All standard 


SRS aes Cee 

package types are offered including SOIC, PLCC, 
LCC, and flat pack. 7 | L | LON 
Quality? You bet. And in very high volume 


too. MIL-M-38510 approval has been granted for our GEN FRA. 


plant to produce JAN parts. 


“Available January 1989 
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Message communications with Eth- 
ernet are always statistical; you 
don’t have any way of knowing the 
absolute maximum time required to 
send a message. 

The deterministic character of 
_Arenet is not the only difference be- 
tween the two networks. Ethernet 
is incompatible with fiber-optic 
transmission media, yet fiber-optic 
media is common in Arcnet-net- 
work connections as far as 4000 ft 
apart. Fiber-optic communications 
offers the ultimate in immunity 
from electronic noise that may be 
present on the factory floor. Fiber- 
optic media is also safe to use in 
explosive environments. 


Low cost is another plus 
Arcnet is also typically a lower- 
cost alternative than Ethernet. Ca- 
bling costs can amount to half the 
cost of a network, and this is espe- 
cially true in factory-floor applica- 


_ THOMAS CONRAD 
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tions where cabling runs can be 
long. Arcnet networks normally use 
RG62/U coaxial cable, which costs 
around $0.30 per ft—about a third 
the cost of standard Ethernet ca- 
bling. Although Arcnet can also use 
twisted-pair cabling, twisted-pair’s 
susceptibility to noise usually pre- 


vents its use in factory-floor envi-. 


ronments. (Don’t forget, when con- 
sidering Arenet or any other net- 
work, to add the cost of cable instal- 
lation to your estimate of overall 
cost.) 

The lower price of an Arcnet net- 
work is also a reflection of the sim- 
plicity of its hardware. Table 1 lists 
some representative Arcnet-inter- 
face products and prices. 

Arenet networks are easy to 
bring on line, and you can even add 
or remove nodes while the network 
is operating. The basic requirement 


for operation is that every node 


must have a unique address of 1 to 


255. The network automatically 
uses address 0 for broadcasting 
messages to all nodes. As long as 
you have all the nodes set to their 
unique addresses, the network will 
automatically configure itself upon 
powering up. An Arcnet network 
configures itself within a maximum 
of 61 msec. 

Connecting a new node to a port 
or powering up a node interrupts 
the network and precipitates a re- 
configuration. If you remove a node 
or if a node does not respond within 
a certain time limit, the network 
will also reconfigure itself; failure 
of a single node typically brings 
down just that node, not the entire 
network. 

Factory-floor network communi- 
cations are often dominated by 
short messages—process-monitor- 
ing data, for instance, which con- 
sists of several bytes and is sent 
at short, regular intervals. Arcnet 


‘COMMENTS 


18. AND 22-BiT BUSES 
SLAVE OPERATION 


| NO HARDWARE SWITCHES _ 


| 20-MHz OPERATION 
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handles these messages efficiently 
thanks to its variable-length pack- 
ets that contain 1 to 508 bytes of 
data. Arcnet can also quickly trans- 
fer larger messages, such as down- 
loading programs over the network 
to reprogram machines. (Ethernet 
does have a larger packet size than 
Arcnet, though. ) 

Datapoint originally developed 
Arcnet in 1977 as a proprietary net- 
work, and even though an [EEE 
standard hasn’t yet formalized it, 
Arcnet has become a de facto stan- 
dard. Datapoint also developed the 
Arcnet control chip set at the same 
time that it developed the network. 
Currently, Standard Microsystems 
Corp and NCR Microelectronics 
(Fort Collins, CO, (803) 226-9500) 
are producers of the controller 
chips. The fact that all Arcnet- 
interface vendors use two function- 
ally equivalent chip sets has pro- 
vided excellent compatibility. To- 
day’s Arenet boards operate with 
boards that were built 11 years ago. 

A number of vendors provide 
Arcnet interfaces for a numerous 
variety of buses. Table 2 shows 


MAS CONRAD 
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N =NODE 
H =HUB 
T =TERMINATION 


Fig 1—You have a choice of three typical Arcnet network topologies: bus or multidrop (a), 
star (b), and distributed star (c). Combinations of the three are also possible. 


some of the vendors and the buses 
that they support. You can mix bus 
interfaces and hubs from multiple 
vendors on an Arecnet network 
without any problem. 

When setting up an Arcnet net- 


work, you can use either a bus or 
a star network topology or combina- 
tions of the two (Fig 1). The typical 
way to expand a star network is to 
add extra multiple-port active hubs 
to form distributed stars. The ac- 
tive hub provides bidirectional sig- 
nal regeneration between ports. 
You can string multiple hubs to- 
gether, provided that the separa- 
tion between any two nodes does 
not exceed about four miles. The 
31-~sec maximum allowable propa- 
gation time between nodes imposes 
the 4-mile requirement. 

Using the standard RG62/U coax- 
ial cable in a distributed-star con- 
figuration allows cabling runs of 
2000 ft between hub-hub or hub- 
node connections. In a distributed- 
star network topology, a cable fail- 
ure will bring down only the at- 
tached node in that particular hub- 
node connection. A hub-hub connec- 
tion failure will cause the system 
to reconfigure itself into two sepa- 
rate networks. 

You can often troubleshoot prob- 
lems on a star or a distributed-star 
network by unplugging nodes one 
at a time until the problem disap- 
pears. Unused active-hub ports 
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4SW-6131 R4 
SPRAGI | K KI } : w Need tantalum chip capacitors in a hurry? Need ten thousand? 
Or hundreds of thousands? Sprague can deliver Type 293D 
TANTAMOUNT® chip capacitors from stock to meet your surface-mount 
requirements. Featuring rugged, fully molded construction, they conform to 


IEC QC300801/0001. Depending on size, they are supplied 
OFF : HE SHE F K taped on 8mm or 12mm reels per EJA 481A, for automatic 
ees eS : ° ° ° 
@ placement. Available in four package sizes covering 4 to 


30 WVDC ratings. Capacitance values: 0.10 to 100 wF. So, when it comes to machine-friendly 
tantalum chips, we’re ready NOW! For “Quick Guide To Tantalum Chip Capacitors,” 
ASP-642, write Marketing Communications, Sprague Electric Company, P.O. Box 9102, 
Mansfield, MA 02048-9102. For applications assistance, call our Customer Service Center 

in Concord, NH at (603) 224-1961. 
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With this 4-port active hub from Earth Computer Technologies, you can assemble star and 


distributed-star network topologies. The hub draws its power from the PC bus. 


need not be terminated. 

Bus or multidrop topologies, 
popular for networking in offices, 
are useful but add a few more re- 
strictions. The maximum bus length 
must not exceed 1000 ft for two 
nodes. As you increase the number 
of nodes on a bus to the maximum 
19, you must reduce the bus length 
to 200 ft. Also, in a bus configura- 
tion, any cable or node problems on 
the bus will bring down the entire 
bus. In addition, you'll find that 


A compact 3U VME bus Arcnet-interface card available from Comendec has diagnostic 
LEDs to aid in troubleshooting. You can view and set the node address through the mounting 


bracket. 
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troubleshooting is more difficult 
with a bus topology. 


Transceivers: high or low 
Low-impedance transceiver mod- 
ules are standard for star or distrib- 
uted-star networks using RG62/U 
coaxial cable. If you want to use a 
bus or multidrop network topology, 
you'll need high-impedance trans- 
ceivers. If you'll be using fiber-optic 
communications, you'll of course 
need to use fiber-optic transceiver 


modules. Most Arecnet-interface 
vendors offer high-impedance 
transceivers and fiber-optic trans- 
ceivers as options. 


Arcnet interfaces vary 

To implement an Arcnet net- 
work, you need an Arcnet-interface 
card for each computer on the net- 
work. Although every Arcnet-in- 
terface vendor uses one of the two 
compatible Arcnet controller chip 
sets, you'll find a surprising variety 
of interface-card features. 

Interface cards for the IBM PC 
bus are a good case in point. Both 
8- and 16-bit data-bus (IBM PC/AT 
bus) interfaces are available. Both 
types of cards support the same 
data rate over Arcnet, but the 16- 
bit bus can load and unload the 
Arcnet interface’s data-packet 
buffer more quickly. The 16-bit bus 
reduces the likelihood of the buffer 
being full and unable to receive data 
from another node, which would de- 
lay the transfer. When transmit- 
ting, the 16-bit bus minimizes the 
possibility of the data-packet buffer 
not having a complete packet loaded 
when the node receives the token 
and thereby missing a chance to 
send data. 

Different PC bus-based Arcnet 
interfaces require’ different 
amounts of memory-address space 
in their computers. Some use 64k 
bytes of memory-address space, 
and some use 16k bytes. Interfaces 
that use 64k-byte memory-address 
space do not allow you to use both 
an EGA (enhanced graphics 
adapter) and the LIM EMS (Lotus- 
Intel-Microsoft extended-memory 
scheme) at the same time. Cards 
using 16k bytes of memory space 
do accommodate both EGA and 
LIM EMS simultaneously. 

PC bus-based interface cards also 
support varying clock rates. On 
some high-clock-rate personal com- 
puters, you need to make sure that 
the interface board is compatible 
with your system’s speed. Some 
Arenet interfaces for PC bus sys- 
tems support clock rates of 20 MHz. 
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Previously, the best CAE tools were available on only one platform. 


From the leader in desktop CAE solutions comes a new concept in electronic design: you pick 
the platform. 

Viewlogic® was the first to deliver a premium CAE solution on 286/386 PCs through “native mode”’ 
technology. Now we’ve ported the entire Workview® suite of CAE solutions—including VHDL simulation, a 
mixed analog/digital simulator, and ASIC vendor kits—to Sun and VAX™ workstations. For example, you can 
run a VHDL circuit simulation of 50,000 gates in minutes on a 386/PC, Sun Workstation® or VAXstation. 
Standardize on one, or pick a combination and design complex ICs, ASICs, and systems in 
a multiple platform environment—and retain a common user interface and shared database. 

With Workview, you have access to superior CAE solutions on 


today’s three most popular workstations in electronic design. For more Ee 
information, call: 1-800-CAE-VIEW; in Massachusetts, 1-508-480-0881. Vi EWlogic 


desktop CAE and beyond 


80386 PC 
50,000 gates/4,000 
O00 gates/4,000 vectors 
Sun 3/ 60 15 min 14 sec 
VHDL Simulation VA Xstation 3000 
50,000 gates/4,000 vectors VHDL Simulation 


15 min 22 sec 50,000 gates/4,000 vectors 


15 min 31 sec 


Now; takeyour pick. 


Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752 


Viewlogic and Workview are registered trademarks of Viewlogic Systems Inc., VAX and VMS are trademarks of Digital Equipment Corp., Sun Workstation is a registered 
trademark of Sun Microsystems Inc. 
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Regardless of whether you’re 
interested in an interface card for 
the PC bus or one of the many other 
existing buses, you should find out 
by what means the node address is 


directly to RS-232C and parallel printer ports. 


These STD bus Arcnet-interface cards and hubs from Ziatech allow you to network STD 
bus computers. 
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specified. Typically, Arcnet cards 
come with DIP switches that allow 
you to set the address. Preferably, 
you want to be able to view and set 
the address through an access hole 


in the card’s mounting bracket so 
you don’t have to remove the com- 
puter’s cover. Some cards don’t 
have any hardware switches; in this 
type of interface card, the node ad- 
dress is set by the software when 
the system is booted up. 

The cards’ packet buffers are also 
another consideration of which you 
should be aware. Most Arcnet- 
interface cards have a 2k-byte 
packet buffer, which allows storage 
of four 508-byte packets. Some 
cards have even larger packet buff- 
ers, which may increase perform- 
ance in cases where the host com- 
puter does not respond quickly to 
network activity. 

Most Arcnet-interface cards are 
available with diagnostic LEDs that 
can simplify the troubleshooting of 
network problems. These LEDs 
typically tell you when the Arcnet 
cable has continuity and when there 
is activity on the network or in the 
packet buffer. 


Active hubs may be required 

In addition to the requisite inter- 
face card, if you want your Arcnet 
network to be configured in a star 
topology you'll also need one or 
more active hubs. These generally 
fall into two categories, bus based 
and stand alone. 

Bus-based active hubs use a slot 
and receive power from your com- 
puter system. The bus-based active 
hub does not, however, communi- 
cate over the computer’s data bus, 
nor does it provide an Arcnet inter- 
face to the host computer. An ex- 
ception is the Earthnet-Quad from 
Earth Computer Technologies; it 
does provide a bus interface and a 
4-port active hub (Table 1). 

Stand-alone active hubs are, as 
the name implies, housed in their 
own enclosure. Some vendors offer 
modular active hubs—both stand 
alone and bus based—that are ex- 
pandable as your needs grow. 

There is one important considera- 
tion to keep in mind when you select 
an active hub. The power to the hub 
must be on whenever you want to 
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UP TILL NOW, THERE HAS BEEN 
ONE DRAWBACK TO SCAN-BASED 
ASIC DESIGN VERIFICATION SYSTEMS: 


YOU COULDN'T GET ONE. 


Since you couldn’t get one—to verify Consider these features: At $125,000, the DV6005 is not 

first silicon—you had to invent your ° >99% single stuck-at-fault coverage. only inexpensive at the beginning, 
own. Or borrow an expensive ATE : it is a stand-alone system that can 
system from the Production Depart- - Ring-frequency AC evaluation and be expanded directly to an automated 
ment. Good luck. complete DC parametric test. wafer-, device- or board-production 
Well, your luck has changed. With the ° Direct link to ATPG. tester—with 1792-pin capability. 
SecanMaster DV6005—and a technique e Menu-driven software and “C”-like 


of wafer signature analysis—you can test programs. 

verify the integrity of your scan-based 

circuit, and quickly pinpoint design 

problems. At the node level. e A software pin-map which simplifies 
hardware fixturing. 


e Rapid isolation of node-level faults. 


e Flexible interactive software provides 
fast programming generation. 


INCORPORATED ———— 
2150 Bering Drive San Jose, CA 95131 


TEL: 408/435-3043 
FAX: 408/435-5089 
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communicate with nodes connected 
to that particular hub. You wouldn’t 
want an active hub in a computer 
that someone might power down 
when they weren’t using it. 

If you want to add more nodes 
to a network, you can use passive 
hubs instead of active hubs, pro- 
vided that the distances involved 
are not more than 100 to 200 ft. 
Passive hubs split the signal and 
use series resistors to maintain the 
930, loading, and the signal attenu- 
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ation reduces transmission dis- 
tances and impairs system immu- 
nity to noise. In addition, unlike an 
active hub, all unused ports on a 
passive hub must be terminated. 
It’s probably best to avoid passive 
hubs when you desire a highly reli- 
able system. 


Arcnet’s future 

Committees within the Arcnet 
Trade Association (Arlington 
Heights, IL, (812) 369-2355) are 


working on some future enhance- 
ments to Arenet. In an effort to 
keep Arcnet competitive in the fu- 
ture, a committee is working on a 
backward-compatible hardware up- 
grade that will increase data rates 
to 20M bps. The committee is also 
looking into increasing the maxi- 
mum packet size to 2k or 4k bytes, 
as well as increasing the maximum 
number of nodes on a network to 
1000 or 2000. At present, if you 
need more than 255 network nodes, 
you must link multiple networks 
with software bridges. 

Factory situations that may 
eventually require MAP (manufac- 
turing automation protocol) will still 
be able to consider Arenet as a 
subnetwork within the overall MAP 
environment. You can install an 
economical Arcnet network now 
and then link it to MAP when the 
need arises. 

In addition to these develop- 
ments, advances in electronics have 
progressed to the point where NCR 
has reduced the Arcnet controller 
chip set to a standard-cell core. You 
can expect to see Arcnet interfaces 
using these cores in the near future. 
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LANCE NEIBAUER AND JOH 


|.ance Neibauer. Aircraft designer. His award-winning Lancair kitplanes are 


the nations top-selling homebuilts. Now using the new HP-28S, the only ©. < 
calculator that can do symbolic algebra and calculus, retrieve and combine 
graphs instantly. HP Solve lets him enter his own formulas. More than 1500 
functions and 32K bytes of RAM make it the world’s most powerful scientific 


calculator. 


John Marconi. Air pollution control engineer. Project leader for 


Study on cancer-causing air pollutants. Needs to solve statistical and financial 


problems. Innovation takes Perfect job for the new 


| calcu lator packed with HP-27S. Its the only 
scientific calcu- hew ide as. lator with business functions. It also 


offers easy-to-follow menus and optional solutions books. Hewlett-Packard’s 


new range of calculators is built for your success. For the name of your 


Pr 


2a? 


(22 


A eeu 
ie - 


nearest Hewlett-Packard dealer, call 1-800-752-0900, Ext. 215P 


GW HEWLETT 
PACKARD 
©1988 Hewlett-Packard Company PG 12806 
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NEW ACHIEVERS: THE HP-28S AND HP-27S SCIENTIFIC CALCULATORS. 
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OF LEARNING 


allas Semiconductor builds microcontrollers that capture infor- 


mation, remember it indefinitely, and use it to improve their 
performance. Our microcontrollers enter the realm of learn- 
ing with memory that doesn’t forget. Systems can now be 
designed to adapt to the job-at-hand. Instruments can auto- 
matically calibrate themselves based on feedback informa- 
tion accumulated over years of service. Pay telephones can be 
remotely instructed through a PC Keyboard to accept rate 
changes over a telephone line. Costly service calls 
to change install EPROMs in each phone are 
eliminated. 


ABUNDANT STORAGE FOR SAFE FILING 


Both programs and data are stored in 32K bytes of 
nonvolatile static RAM. That’s four to 16 times 
more than the ROM or EPROM memory typically 
offered by competitive products. This RAM, as 
well as internal microcontroller registers, is per- 
manently powered by a tiny embedded lithium 
energy source. Accumulated information is 
retained for a minimum of 10 years in the complete 

absence of external power. Variables and data tables can 
reflect the cumulative knowledge of the control system from 
the time that it was placed into service. The 32K bytes of RAM 
can be dynamically partitioned between program and data 
space to accommodate changes in the application software. 


Dallas Semiconductor’s unique circuitry safe- 
guards the contents of all memory and regis- 
ters during power fluctuations. Processing is 

automatically suspended when voltage drops 
' out of operating range and resumes where it 
left off when power is restored, insuring that data 
is never lost while waiting for power. Even if it’s 10 years later. 
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SECURE INTELLECTUAL PROPERTY 


Proprietary software is protected with an on-chip 
security feature. Application programs can be 

stored and executed in an encrypted form that is 4 
based on an internal 40-bit key word. The con- 
tents of RAM and the execution of the program are ~ . 
thereby made unintelligible to the user. Any attempt to dis- 
cover the key value results in its erasure, rendering the 
Program/Data RAM useless. 


LOG AND SCHEDULE ACTIVITIES 


Time-stamping and dating events with \ ’ 
human time allows our microcontrollers to ” 
take on sophisticated tasks. The DS5000T 
Time Microcontroller features a built-in, per- 
manently powered clock/calendar that counts _- 
seconds, minutes, hours, days, day of week, date, ort and 
year with leap year compensation. In addition to all the basic 
features of the DS5000 Soft Microcontroller, the DSS5000T 
Time Microcontroller schedules events and Keeps an elec- 
tronic logbook of all activities. 


THE RIGHT TOOLS FOR DEVELOPMENT 
The DS5000 Soft Microcontroller and DSS000T 
Time Microcontroller are instruction set and pin 
compatible with the industry standard 8051 
microcontroller. Existing software runs with 
4% no modification. The large memory facili- 
“’ tates the use of high-level language com- 
| pilers for development of application soft- 
ware. The DSSOOOTK Evaluation Kit allows 
jumnedixic evaluation of the DS5000 series in an existing 
application. In-system serial downloading of software to the 
microcontroller is supported with an IBM personal computer 
or compatible. Dallas Semiconductor also offers the 
DSS000DK Development Kit to provide symbolic real-time 
emulation for the DS5000 series with an IBM PC. 


Call today for more information about microcontrollers that 
learn. 


Norii America 714-450-0400 
Europe = 44 (0)21-745-8285 


4350 Beltwood Pkwy. S. 
Dallas Tx. 75244-3219 
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One is 
twice as 200 
aS TWO. 


Introducing the NCR 2208. The one, and only 40- 
column printer that has the functionality of two. 

And that’s twice as good because now one printer 
can handle just about any retail transaction. Three 
print modes and 90° font rotation provide horizontal 
receipt printing as well as horizontal and vertical slip 
printing. This makes the 2208 the first printer in the 
world that can handle both EFT and credit 
authorizations with equal ease. _ 

You also get more design flexibility. The 2208 is 
available in either a standalone unit or as a print 
mechanism only. And both configurations are 
lightweight and offer an extremely small footprint. 

And when you use one printer to do the work of 
two, you can reduce your inventory and 


d 


service— practically in half. 

The final point of comparison—cost. Obviously 
buying one printer is better than buying two. It’s 
like getting one printer free. And that gives you 
either better margins or more aggressive pricing on 
your systems. 

The only thing that could make this printer 
better is that it’s from NCR-the world’s leader 
in POS products. 

If you're looking for a way to be twice as good 
as the competition, call the NCR ‘Technology 
Marketing Division at 1-513-445-7443 for a 
demonstration. The new 2208 Slip/Receipt 
Printer—only from NCR. 


Clie 


NCR is the name and mark of NCR Corporation. 
© 1988, NCR Corporation. 
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Buscon/88 East will stress emerging trends 
in computer-bus technology 


Joan Morrow, 
Assistant Managing Editor 


For those of you who seek informa- 
tion on just about any aspect of 
computer-bus technology, Buscon/ 
88 East is the show to attend. The 
conference, which will be held in the 
Jacob K Javits Convention Center 
in New York City on October 3 to 
the 6, will tempt you with more 
than 30 user-oriented seminars and 
Sessions in four separate tracks. 
You have the option of remaining 
in one track or selecting just the 
right mix of sessions and seminars 
that suits your particular expertise 


or interest. Furthermore, over 200 
hardware and software exhibitors 
will display their wares during the 
4-day show. 

Track 1, entitled “Board-Level 
Design,” will feature six sessions 
and two half-day seminars—one on 
32-bit buses and their applications 
and the other on the NuBus. If 
you're new to the field, you can get 
the basics in the session entitled 
“Introduction to Buses.” It will go 
over the terminology and elemen- 
tary concepts used in bus- and 
board-level design. If you’re more 
experienced, you might want to 
take in other sessions in the track: 


32-bit design using Multibus I, new 
issues in Multibus II and the VME 
bus, understanding the VXI bus, 
and recent developments in IEEE 
896. 

Two more half-day seminars will 
lead off the “System-Level Design” 
Track 2. “Backplane Bus Design” 
will provide a theoretical and prac- 
tical foundation for designers and 
users of such systems. “Introduc- 
tion to Intelligent Peripheral 
Buses” will cover SCSI, ESDI, IPI, 
and SMD buses and their applica- 
tions. Sessions scheduled in track 
2 include considerations in system 
packaging, methods for interfacing 


BUSCON/88 EAST PROGRAM SCHEDULE 


TRACK 1 


BOARD-LEVEL DESIGN 


MONDAY, 
OCTOBER 3 


9:00 AM- 
11:00 AM 


TUESDAY 
OCTOBER 4 


2:00 PM- 
4:00 PM 


WEDNESDAY, 
OCTOBER 5 


9:00 AM- 
4:00 PM 


ah BA SESSION 601 


4:00 PM 


THURSDAY, 
OCTOBER 6 


IEEE 896 
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NEW ISSUES IN See Seeecine 
MULTIBUS II 


NEW DEVELOPMENTS IN 


11:00 AM-NOON 
SESSION 1000 — EDITOR’S FORUM 


TRACK 2 
SYSTEM-LEVEL DESIGN 


TRACK 3 
APPLICATION 


TRACK 4 
ELECTIVE 


DEVELOPMENT 


SEMINAR 12 
BACKPLANE BUS DESIGN 


SESSION 202 
CRATE-TO-CRATE 
COMMUNICATIONS 
"SESSION 302 
, FORMANCE 


SESSION 602 
IMPLEMENTING BITBUS 


CH 


SESSION 203 
REAL-TIME SOFTWARE: 
PART 2 


PARALLEL PROCESSING 
TECHNOLOGY 


SESSION 603 
INDUSTRIAL NETWORKS 


ON 103 


sign : SESSION 102 7 = Ssic | 
ONSIDERATIONS IN REALTIME SOFTWARE: 
INTRODUCTION TO BUSES SYSTEM PACKAGING PART 1 
SESSION 201 
32-BIT DESIGNS 
WITH MULTIBUS 1 


~ SESSION 104 
QUO VADIS? 
(FREE) 


SESSION 204 
EMERGING TRANSPUTER 
TECHNOLOGY 


~ SESSION 504 
UNDERSTANDING 
BENCHMARKS 


SESSION 604 
DESIGNING FOR 
TESTABILITY 


GENERAL SESSIONS— WEDNESDAYS, OCTOBER 5 


6:00-8:00 PM 
SESSION 2000 — RISC SYMPOSIUM 
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“And the first thing your 
Customer sees. 


PSEA RNAP III SNOUT 


SSeS OLSON Sela 


LCD display and Planar EL disp! 
photographed under identical 
—_ ambient lighting conditions. 


From a customer's viewpoint, there's only It adds up to superior performance. 
one real window into your product. SO contact us today. Choose the flat panel 
The display. | display that surpasses all others from every- — 
If it's inferior, your product is judged ones point of view. 2 , | 
inferior. No matter how good it really is. For a brochure, please phone either 


For flat panel displays, theres a simple yet 503-690-1100 or 503-690-1102, or write to 
elegant solution. Planar's electroluminescent 


(EL) display. Why is EL the preferred display PLANAR SYSTEMS, INC. Z 
technology? Better viewing angle. Better 1400 N.W. Compton Drive == “LN AA 


brightness. Better contrast. Beaverton, Oregon 9/006. 
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between chassis, hardware consid- 
erations in high-performance archi- 
tectures, stepwise bebugging, de- 
velopment and run-time tools for 
RISC, and implementing BitBus. 


Applications and trends 

If you’re interested in application 
development, take advantage of the 
material that will be presented in 
track 3. The “Introduction to Real- 
Time Systems” seminar will include 
information on programming, multi- 
tasking, task attributes, and oper- 
ating systems. The second track 3 
seminar will discuss two communi- 
cations technologies, FDDI and 
ISDN, and the accompanying bene- 
fits, features, architectural require- 
ments, and application areas. 
Speakers in this track will present 
a wide variety of topics—from real- 
time software and designing for the 
military to real-time graphics and 
parallel-processing technologies. 

Track 4 is entitled “Electives,” 


& 


=2=— Modular Computers‘ : 
Pep... a step ahead! es 


and it begins with a half-day ASIC 
tutorial seminar that will cover 
three main areas: ASIC economics, 
digital ASIC applications, and ana- 
log ASIC applications. One session, 
“Quo Vadis? The Future of the Bus/ 
Board Industry” is free to all Bus- 
con attendees. This forum will in- 
clude a summary of a Cahners Pub- 
lishing bus/board study; a panel of 
industry experts will address such 
issues as the need for higher-per- 
formance architectures, opportuni- 
ties for innovation, and bus/board 
application areas. Other sessions in 
track 4 will detail Ada, Transputer 
technology, benchmarking, design- 
ing for testability, and designing for 
surface mount. 

You can take advantage of two 
other free sessions at Buscon. At 
“The Editor’s Forum,” you can 
meet editors from industry publica- 
tions who will lend their expertise 
and answer your questions about 
developments in buses and boards. 


$ 


VIOXROM... a universal SW interface 
for VME intelligent |1/O modules 


VIOXROM is based upon a real-time kernel and distributes I/O functions over one 
or more intelligent |/O boards using data- and device-independent mailboxes 
instead of physical ports. You need not program the on-board kernel, the SW is 


ready-to-go! 


The VIOXROM concept: 


@ standardizes system I/O functions 


@ enables OS -independent !/O functions 


@ provides a standard development 
environment 


USA + Canada Germany Sweden 


Pittsburgh Kaufbeuren Taeb 


France 


Your benefits include: 


@ reduces SW-development time 
@ is HW independent 

@ offloads VMEbus and master CPU 
@ compatible with VMEPROM 

@ requires no extra SW license 


Japan 
Osaka 


y Paris 
412-279-6661 (8341)81001 (8)7567260 (1)45346060 (6)8760615 
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And if you’re interested in the 
RISC vs CISC controversy, don’t 
miss the ‘International Board- 
Level Symposium.” Representa- 
tives from industry and the press 
will get together for a debate of the 
issues. 

Attending Buscon doesn’t mean 
all work; this show gives you the 
opportunity to talk to and relax 
with your peers and colleagues. On 
Tuesday, October 4, the Buscon ex- 
hibitors will host a reception for all 
exhibit hall and conference atten- 
dees. On Wednesday, you can at- 
tend the “all-aboard” reception and 
mingle with vendors, attendees, 
and editors over wine and cheese. 

For more information on Buscon/ 
88 East, you can contact CMC, 200 
Connecticut Ave, Norwalk, CT 
06856. Phone (203) 852-0500. EIDIN 


Article Interest Quotient 


(Circle One) 
High 515 Medium 516 Low 517 
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because its my job. But I buy 
the product because its my career.” 


WHAT YOU SHOULD KNOW ABOUT THE NEW PRODRIVE 
SERIES"OF 3%-INCH HARD DISK DRIVES FROM QUANTUM. 

The numbers are the easy part. Either a product has them or 
it doesn't. 

But you can't build a system out of specs. 

You also need dedicated product-support people who will sit 
down and help you solve some tough engineering problems and put 


those specs to work. 

Quantum is ready to deliver both. 

Our new ProDrive Series of 32-inch hard disk drives offers you the broadest range INTRODUCING THE 
of capacities in the broadest range of interfaces in the industry. 42 and 84 megabytes ee 
formatted with embedded SCSI and AT-Bus interface, right now. And later this year, up to + 42,84, 103, 120,145, 

168 MB formatted 
168 megabytes, in SCSI, ESDI and AT-Bus.Ten new drives in all. » SCSI ESDL AT-Bus 
| With access times of 19 ms or less. * 19 ms or faster 
| average access time 
With synchronous data transfers to the SCSI bus of 4 megabytes per second, and - 64 KB buffer with 
exclusive DisCache 
asynchronous data transfers of 2 megabytes per second. pete teres 
With an MTBF of 50,000 hours. - 42,84 MB SCSI and 


AT-Bus units now in 
mass production. 


And with DisCache, Quantum’s unique 64 kilobyte data-buffering scheme that 
can make our 19-ms intelligent drive perform like a 12-ms drive—or even faster, depending 
| on your application. 

But Quantum also offers you the people who can help you put those numbers to 
work in your own system. A dedicated team of engineering professionals who understand 
the particular needs of the systems designer—and can help meet those needs quickly, 
efficiently, cost-effectively. 

The new ProDrive Series. The specs you want.The support you need. 

That's what Quantum delivers. 


ProDrive. Now available with AT-Bus and SCSI interfaces. Call 
today for a brochure or to find out how you can get an evaluation untt. 


Quantum Corporation 


ae | Quantum 1804 McCarthy Blud. 


Milpitas, CA 95035 
Western Region (408) 980-8555 
Eastern Region (603) 893-2672 


ProDrive and ProDrive Series are trademarks, 
_ and DisCache is a registered trademark 
of Quantum Corporation. 
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“Samtec reall 


toughest board-to-board 


or on-board 
interconnect problems. 


Samtec has the 
solution to your 
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('s have come to 
endable service. 


yy 


Shrink your design problems 
with Fujitsu half-pitch connectors 


Fujitsu’s new FCN-230 Series half-pitch connectors are twice as 
compact as conventional models — an important consideration 
when designing small portable computers and modems, as well as 
communications terminals and office automation equipment. 


@A contact pitch of 1.27mm (0.050 in.) and a 4-row zigzag terminal arrange- 
ment (1.27mm x 1.905mm) (0.050 in. x 0.075 in.) allow exceptional 
mounting density. 

®Board-to-board and board-to-cable connections available using a wide 
variety of pin numbers (20 to 96 pins) and configurations. 


@D-shell construction ensures perfect polarization. 
@Step construction of female contact arrangement ensures easy insertion. 
@iIDC (AWG#30) and solder type sockets provide superior EMI shielding 


with metal shells and round shielded discrete cables. 
FCN-230 Series Connectors 


Lyoner StraBe 44-48, Arabella Center 9. OG./A, D-6000 Frankfurt Niederrad 71,F.R. Germany Phone: 069-66320 Telex: 0411963 Fax: 069-6632122 


FUJITSU COMPONENT OF AMERICA, INC.: 

3330 Scott Bivd., Santa Clara, California 95054-3197, U.S.A. Phone: 408-562-1000 Telex: 910-338-0190 Fax: 408-727-0355 

FUJITSU MICROELECTRONICS PACIFIC ASIA LIMITED: 

805, Tsim Sha Tsui Centre, West Wing, 66 Mody Road, Kowloon, Hong Kong Phone: 3-7320100 Telex: 31959 FUJIS HX Fax: 3-7227984 

FUJITSU LIMITED (Electronic Components International Sales Support Div.): 

Furukawa Sogo Bidg., 6-1, Marunouchi 2-chome, Chiyoda-ku, Tokyo 100, Japan Phone: National (03) 216-3211 International (int'l Prefix) 81-3-216-3211 
Telex: 2224361 Fax: (03) 216-9771 
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5 1/4-in., 488 M-byte, optical WORM drive 
challenges high-performance hard disks 


The full-height, 51/4-in., APX-4000 
optical WORM (write-once, read- 
many) disk drive stores 244M bytes 
on each side of a 2-sided disk pro- 
viding a total storage capacity of 
488M bytes. The product can also 
read and write optical disk car- 
tridges in a half-density format that 
is compatible with the company’s 
older APX-3000 disk drive. Along 
with the drive, the company has 
created a universal file-manage- 
ment software package that allows 
an operating system to read optical 
disk files created by other operating 
systems. 

Initially, the company is offering 
two storage subsystems, based on 
the APX-4000 drive, for the IBM 
PC bus: the $4250 APX-4100 sub- 
system, which mounts inside a PC, 
and the $4450 APX-4200 subsys- 
tem, which includes a case and 
power supply so that the WORM 
drive can operate external to the 
PC. The subsystems accept single- 
sided APX-3300. and double-sided 
APX-38600 disk cartridges costing 
$125 and $175, respectively. Both 
subsystems include the drive itself, 
a controller board that adapts the 
drive’s modified ESDI port to the 
IBM PC bus, cables, Maxsys file- 
system software that seamlessly in- 
tegrates the WORM drive’s capa- 
bilities into MS DOS, and utility 
programs for file version control 
and deleted-file recovery. 

In a key strategic decision, the 
company went beyond the tradi- 
tional route of offering hard-disk 
emulation software for this optical 
WORM drive. Instead, it provides 
a complete hierarchical file manager 
that attains a much higher level of 
storage efficiency than mere hard- 
disk emulation. As shown in Fig la, 
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This optical WORM disk subsystem for the IBM PC bus accepts 1- and 2-sided removable 


cartridges that hold 244M bytes of data/side. 


hard-disk emulation software typi- 
cally intercepts data transfers to 
and from the optical disk at the de- 
vice-driver level, making the 
WORM disk appear to support eras- 
able files. 

Most operating systems assume 
that disk drives contain erasable 
media; thus, the software that al- 
lows optical WORM drives to emu- 
late hard disks can produce subopti- 
mal performance results. Operating 
systems frequently move large 
chunks of data around on the disk 
when updating and rewriting files, 
assuming that the liberated sectors 
can be reused. However, such a 
scheme quickly wastes available 
storage space on a write-once disk, 
resulting in poor storage efficiency. 
Through experimentation, the com- 
pany discovered that some hard- 
disk emulation software strips a 
WORM disk of 50% (or more) of its 
rated capacity. Overhead informa- 


tion consumes the remaining disk 
capacity. 

In contrast, the Maxsys file sys- 
tem for the APX-4000 drive inter- 
cepts file I/O operations at the oper- 
ating-system call level, bypassing 
the operating system entirely (see 
Fig 1b). The Maxsys hierarchical 
file manager understands that files 
stored on a write-once disk are in- 
delible, and it moves a minimal 
amount of data around on the disk 
in response to file I/O requests 
while retaining the ability of write- 
once media to recover previous ver- 
sions of a file. As a result, the com- 
pany claims its Maxsys software at- 
tains storage efficiencies of 94% 
with its WORM drive. 

This file-system software also 
helps the drive subsystem attain 
high transfer rates. In data-transfer 
tests using large files, the company 
found that the APX-4000 subsys- 
tems for the IBM PC provided 
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HARD DISK EMULATION 


REDIRECTOR 


4 


MAGNETIC 


(a) DISK 


DISK 


ro OPTICAL 
DISK 


(b) 


REDIRECTOR | ° 


MAGNETIC _ 


MAXSYS-DOS 


LAYERED IMPLEMENTATION 


MAXSYS COMPONENTS 


15% 


75% 


10% 
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OPTICAL 
DISK 


Fig 1—Hard-disk emulation software for WORM drives intercepts file I/O at the driver level (a). In contrast, the Maxsys file-system 
software achieves much better storage efficiencies by intercepting data transfers at the operating-system call level (b). 


transfer rates comparable to hard 
disks that have an average access- 
time rating of 28 msec. Thus the 
optical drive has an “effective ac- 
cess-time” spec of 28 msec. The 
APX-4000’s performance does not 
degrade as the disk fills. 

The modular nature of the file- 
system software eases the task of 
adapting the Maxsys software to 
various operating systems. The 
Maxsys file-system software con- 
sists of three components: the file 
system itself, hardware-interface 
code that links the file system soft- 
ware to the disk drive, and system- 
interface code that links the file sys- 
tem to the operating system. To 
move this software from one operat- 
ing system to another, you need 
only rewrite the system interface, 
representing about 15% of the code, 
and then recompile the entire soft- 
ware package for the new target 
system. You may also need to re- 
write the hardware-interface soft- 
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ware for new hardware configura- 
tions. 

To aid in the task of rewriting 
the system-interface code, the com- 
pany has created a high-level, C- 
language specification for the inter- 
face between the file-system soft- 
ware and the system-interface soft- 
ware. The company supplies this 
specification, called OASIS (optical 
advanced software interface stan- 
dard), to companies wishing to inte- 
grate the APX-4000 into other op- 
erating-system environments. Any 


_ operating system can read files cre- 


ated by any other operating system 
that employs the Maxsys software 
because the software creates the 
same file structures for every com- 
puter. 

The company plans to offer a 
SCSI-based optical-disk subsystem 
for Unix-based workstations from 
Sun Microsystems. This subsystem, 
which will be available by the end 
of the year, will cost about the same 


as the IBM PC subsystems. The 
company is using its OASIS inter- 
face specification to link its WORM 
drive with Sun’s Unix operating 
system, so its optical disk cartridge 
can serve as a medium for data in- 
terchange between the Unix and 
MS DOS systems. 
—Steven H Leibson 
Maximum Storage Inc, 5025 Cen- 
tennial Blvd, Colorado Springs, CO 
80919. Phone (719) 531-6888. 
Circle No 735 
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SONY’S ECL LOGIC 
HAS THE GUTS 
TO CHALLENGE 
GaAs PERFORMANCE. 


High speed, up to 4 GHz. Low cost. Low power, under 1 watt. 


—4,5V single supply, ECL-100K Advanced 1y ECL process. 
compatible output level. (Same process as our 8-bit, 300 
MSPS A/D converters). 


50Q to —2V standard load. Full temperature compensation. 


200-gate array technology, 


starting 2nd half, 1988. Continuously upgradable. 
wee Ln Sosa ou ime SONY'S HIGH-SPEED ECL LOGIC FAMILY Paes = you ae ie is 
ogic, it re ays to look into O . 90 if you dont see 
Sony's ECL logic family fess | See ees) need, please inquire 
ou earn ind een tear WT eye ECL bee ae 
, YOU y fas ony’s ogic y 
process speeds. Up to 4 GHz. /aeues is available now, backed by the 
But unlike GaAs technology, quality, reliability and nation- 
you'll also find wide service you expect from 
amazingly low 0311080 | Laser Driver any Sony product. 
costs and design | 28 | uae | So get all the information 
Not to mention ee) cr a family today. Because when it 
that our ECL technology, unlike comes to high-speed logic per- 


most, requires very low power. 
Under 1 watt, in many cases. 
sony’s ECL logic family 
is made possible by our unique 
l-micron, 10-GHz, FT process. 
The very process that's made 
our high-speed, 8-bit, 300 MSPS, 
A/D converters so popular. 
And via our 200-gate array 
technology, we offer a limitless 
range of logic functions. Many 


formance, Sony's got the guts 
to deliver. 

Just call the Sony repre- 
sentative nearest you, or call 
(714) 229-4192. Or wnite Sony 
Corporation of America, Com- 
ponent Products Division, 10833 
Valley View Street, Cypress, 
CA 90630. FAX (714) 229-4271. 


SONY. 


“CXB11300 | 9,8, 4-bit 


Multiplexer 


neg 
Universal Shift 
Register 


CXB1132Q 


“CXB11340 | 22, 15, 7-Stage 


-bit Univer: 
Counter 


730 mW | 32 FLAT 
| 1250 ps 


CXB11380 


4-bit Arithmetic 


available in 24 and 32-lead flat Logic Unit 1460 ps 680 mW | 24 FLAT 

AL Huntsville (205) 533-1730 CO Aurora (303) 695-8903 MD Randallstown Bow: 655-2265 NJ Mt. Laurel (609) 866-1234 Cleveland (216) 261-9705 Houston (713) 782-4144 
Mobile (205) 478-1036 FL (214) 234-8438 MA Boston (617) 894-8400 NM Albuquerque (505) 345-3591 OK Tulsa (918) 744-9964 UT Salt Lake City (801) 264-8050 

AZ Phoenix (602) 257-9015 GA Norcross (404) 449-8680 MI Livonia (313) ad. 5222 NY Jamaica (718) 291-3232 OR Tigard (503) 620-3280 VA Sterling (703) 478-2480 

CA Los Angeles (714) 855-0233 IA Cedar Rapids (319) 393-2232 MN Eden Prairie (612) 944-7274 Syracuse (315) 699-2671 PA Pittsburgh (513) 385-1105 = WA Bellevue (206) 455-3460 
San Diego (619) 729-9216 IL Chicago (312) 382-3001 MO Bridgeton (314) 291-4230 NC Durham (919) 544-6630 TN Greenville (615) 639-3491 Spokane (509) 924-4410 
San Francisco (415) 960-3880 IN Carmel (317) 844-5222 Raytown (816) 358-8100 Huntersville (704) 892-1366 TX Austin (512) 346-9186 WI Waukesha (414) 542-5352 

Ft. Wayne (219) 486-1912 OH Cincinnati (513) 385-1105 Dallas (214) 234-8438 
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_ FEATURES: 


eens ona receive 2 
DS-1 Line interface ost, 


oe , 
omponents providing 


“flexibility to operate in different 
environments 


/ © Pulse-shape transmission 


conformant with AT&T Compatibility 
_ Bulletin 119 specifications for easier _ 


equipment certification © 
© Five different line sees ag art _ 


- off-chip eens netwo sc i 


_ The SSI 761233 DS-1 Line Interface Ic _ 
is the latest addition to Silicon Systems’ 
line of telecommunication products. It __ 


isa bipolar integrated circuit that 
_ provides the interface functions - 


to TTL-level and vice versa. 
The new chip is designed to serve as 


Gn equipment interface to TI telephone | - 
lines. For telephone companies, it can — 


serve as an interface for such 
equipment as channel banks, digital — 


cross-connect systems (DCS), anda - 


Variety of test and monitoring 


equipment. In business, itcanserveas _ 


__ aninterface for T] multiplexers, PBXs 
___ with T1 frunks, and portable test 
— equipment. 


and clock outputs; its transmitter 

_ section accepts the data and clock 

puts. and produces AMI pulses for 

_ mission; and ifs loopback control 

tion permits interchange of the 
signals between the sections. 


The $S1 767233 is produced in 


advanced bipolar technology. Poweris 
_ +5 volts, single supply, and paced 


is in a standard 24-pinDIP_ 
an. more information, contact: 


Silicon Systems, 14351 Myford food, . 


Tustin, CA 92680, - 
- Phone: (714) 731-7110, Ext. 575. 


CIRCLE NO 4 


necessary to convert DS-1 level signals - 


The device's receiver section accepts e - 
encoded line data and provides data 


PRODUCT UPDATE 


NuBus interface chipset 
reduces development time 


If you design add-in boards for Ap- 
ple’s Macintosh II computer, you 
should consider the SN74ACT2440 
(ACT) and SN74BCT2420 (BCT), a 
2-chip NuBus interface set. The 
ACT is a 32-bit NuBus interface 
controller, and the BCT is a 16-bit 
NuBus transceiver. Using one ACT 
and two BCTs, you can implement 
a 32-bit master/slave interface that 
conforms to the IEEE P1196 speci- 
fication. You no longer have to de- 
velop extensive NuBus design ex- 
pertise to implement the NuBus 
protocol in your design. 

The ACT is a TTL-compatible de- 
vice that handles NuBus signaling 
protocol. Fabricated in 1-~m EPIC 
(enhanced performance implanted 
CMOS), this 68-pin IC works in 
master, slave, and master/slave ap- 
plications. You can functionally or- 
ganize the chip’s input and output 
signals into five groups: NuBus 
status outputs; master/slave inputs; 
data/address interface control; byte 
decode; and NuBus ecard slot sig- 
nals. The chip actually has more 
status and control lines than the 
IEEE P1196 requires, allowing you 
to design more sophisticated appli- 
cations. | 

The NuBus status outputs pro- 
vide buffered NuBus signals. You 
can use the master/slave inputs to 
control the master and slave state 
machines. The master state ma- 
chine initiates bus locking and un- 
locking, performs arbitration, and 
provides status bits for cycle con- 
trol. The slave state machine moni- 
tors the NuBus status and notifies 


the local board when the NuBus ad- 


dresses it. The data/address inter- 
face control provides buffering sig- 
nals for multiplexing and demulti- 
plexing the data/address lines. The 
byte decode differentiates among 


the various types of NuBus cycles. 

The BCT 68-pin BiCMOS device 
contains an on-chip comparator for 
slot identification. Providing multi- 
plexed or latched address and data 
transfers, each BCT offers three 16- 
bit I/O ports and saves address and 
data information during each 
NuBus write cycle. The BCT also 
contains bus transceiver circuits, D- 
type flip-flops, latches, and control 
circuitry. 

The interface solution offered by 
this chipset replaces as many as 45 
discrete logic devices and provides 
you with as much as 66% more pc- 
board real estate that you can use 
to increase functionality or to add 
onboard memory. The ACT sells for 
$24, and the BCT costs $13.33 
(1000).—J D Mosley 

Texas Instruments, Semiconduc- 
tor Group (SC 850), Box 809066, 
Dallas, TX 75380. Phone (800) 232- 
3200, ext 700. 
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Reducing the component count to three 
chips for your NuBus interface applica- 
tions, Texas Instrument’s SN74ACT2440 
and SN74BCT2420 controller and trans- 
ceiver ICs can save both board space and 
development time. 
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THIS TI TRANSCEIVER IS SMALLER, DESIGNED 
SMARTER, AND OUTPERFORMS THE COMPETITION. 


SO WHY DOES IT 
COST LESS? 


Our new SSI 78P233 is not the only single- 
chip T1 line interface you can buy, but if 
can be the best cost/performance solution 
to your design problem—and here's why. 

Its a lean, mean, bipolar design which 
makes it smaller and easier to use. And 
our smarter lean-and-mean design also 
cuts the cost. No superfluous functions— 
best left to other devices—have been inte- 
grated into this chip. Yet it provides all the 
transceiver performance you need fo inter- 
face to aT] line. 

Simply put, our new low-cost, high- 
performance interface transceiver converts 
DS-1 signals to TTLlevel, and vice-versa. 
This new chip facilitates the cost-effective 
implementation of designs for high-speed 
voice and data transmission. Like PABXs, 
channel banks, multiplexers, digital cross- 
connect systems, digital switches, and fest 
and diagnostic equipment for digital com- 
munications. And to meet international 
CEPT standards, Silicon Systems offers the 
78P234,a sister chip that performs all the 
same functions as the T1 chip. 


Call Now! 
(714) 731-7110, Ext. 3575 


For a copy of our comprehensive T1/CEPT 
data sheets, and a listing of fhe company’s 
complete line of telephony products, con- 
tact: Silicon Systems, 1435] Myford Road, 
Tustin, CA 92680 


1000-piece prices. 
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ODUCT UPDATE 


Programmable waveform recorder scans 
16 channels at 1M samples /sec /channel 


Allowing you to monitor eight 
analog and eight event data chan- 
nels at 1M samples/sec/channel with 
12-bit resolution, the 5300 series 
Programmable Waveform Record- 
ing System also lets you capture 
only the data that meet your specifi- 
cations. You specify the capture 
parameters via a software tool called 
the Event Manager, which has a 
21-input, dual-trigger tree system 
that uses logical AND and OR 
functions to discriminate among more 
than one-half million transient 
events. 

The 68000-based 5300 has two 
independent clock functions: a real- 
time clock that you can program to 
begin an acquisition at a specific 
data and time, and an interval timer 
for periodic event sampling. The 
unit’s 10-MHz master clock allows 
you to program the unit’s dual time 
bases in 100-nsec increments. You 
can toggle the speed characteristics 
of the time bases and specify acqui- 
sition delay over time or number of 
samples. Such programming fea- 
tures prevent the 5300 from over- 
sampling, while helping you achieve 
longer recording sessions and gain 
efficient memory utilization. 

You can use a host computer to 
program the 53800 via its RS-232C 
or IKEE-488 port. Or you may 
order an optional Intelligent Front 
Panel (IF P) with an electrolumines- 
cent display that comes with menu- 
driven software for system setup 
and waveform display. The IFP 
attaches to the front of any 5300 
chassis and has a dedicated bus for 
controlling as many as eight 5300 
units. 

Multi-unit synchronization pro- 
vides true master/slave control with- 
out time skew, because all the units 
share a single system clock. You can 
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Available with or without an Intelligent Front Panel, Gould’s Model 5300 programmable 
waveform recorder contains two dime bases, 18 independent signal inputs, an IEEE-488 
group trigger, and two independent trigger trees. 


also run a multi-unit system in 
multi-master mode with each unit 
sharing common time bases but 
maintaining independent Event Man- 
agers. An IKEE-488 group trigger 
function lets the 5300 begin acquir- 
ing data based on an automated 
software algorithm or an event as 
simple as a keystroke. 

Another software tool, called the 
Memory Manager, lets you optimize 
the 5300’s memory utilization. You 
can define the channel depth of its 
memory from 256 to more than 2 
million samples per acquisition in 
increments of 256 samples. 

Other options include a D/A con- 
verter for hardcopy output to stan- 
dard oscillographic recorders. You 


can also select from three 12-bit A/D 
converters. A software package 
called ACQ5300 simplifies system 
set-up and data acquisition via in- 
teractive, pop-up panels. However, 
you can also edit all the text, 
prompts, help messages, and colors; 
or you can develop and run macros 
for automatic configuration or for 
querying a system operator. 
ACQ5300 runs on IBM PC/AT- 
compatible computers and sells for 
$1200. Pricing for the 5300 begins 
at $15,000. —J D Mosley 
Gould Inc, Test and Measure- 
ment Div, 3631 Perkins Avenue, 
Cleveland, OH 44114. Phone (216) 
361-3315. 
Circle No 736 
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HEARD 
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PRODUCT UPDATE 


Programmable logic device simplifies 


design of asynchronous interfaces 


The PAL22IP6 interface protocol 
asynchronous cell (IPAC) is a pro- 
grammable logic device optimized 
for asynchronous interface applica- 
tions. Each of the device’s six mac- 
rocells offers nine logic product 
terms and an unusual type of stor- 
age element—a clockless flip-flop. 

The IPAC features three dual- 
toggle (2-T) and three set-reset (S- 
R) flip-flops. Both types respond to 
the edges of their input signals. An 
active edge on either input of the 
2-T flip-flop causes the output to 
toggle. Only the edges on the set 
or reset inputs of the S-R flip-flop 
specify the output; the input level 
is ignored. Both types of flip-flops 
also have independent, level-sensi- 
tive, asynchronous preset and clear 
inputs. 

The designers of the IPAC paid 
close attention to the problem of 
metastability in asynchronous de- 
signs. By eliminating the require- 
ment for a separate clock at the reg- 
isters, they removed the data setup 
and hold constraints usually needed 
to avoid entering metastable states. 
The design of the circuit’s response 
to simultaneous inputs also reduces 
the possibililty of metastability. 

If the active edges are more than 
© nsec apart, the 2-T flip-flop will 
respond properly to both inputs; if 
the active edges are closer to- 
gether, it will ignore both inputs. 
(The output may glitch if the 5-nsec 
minimum spacing is violated, but 
there is no possibility of metastabil- 
ity.) The minimum time between 
set and reset edges for proper op- 
eration of the S-R flip-flop is 27 
nsec; the output is unaltered if the 
time is less than 6 nsec. Only if the 
edges occur within 6 to 27 nsec of 
each other is the S-R flip-flop out- 
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_ iipac™ 


net Serial Bus 


Engine 


The PAL22IP6 interface protocol asynchronous cell (IPAC) offers 14 inputs, six outputs, 


PAL © Device 


_ ens) / £6) a 
| : Disk 
_ 2 


| Controller| /PAC | — a 


instruments 


and asynchronous storage elements. Each output can drive 48 mA and has an independently 


programmable output-enable function. 


put unpredictable. The asynchro- 
nous preset and clear inputs over- 
ride the other inputs on each flip- 
flop, and the preset input dominates 
the clear input when both are pre- 
sent. 

Offering flexibility in the use of 
macrocells, the IPAC allows you to 
select either registered or combina- 
torial output for each macrocell and 
to disable each output independ- 
ently. Each output supplies 48 mA 
of drive current. You can select 
from the six outputs, 14 inputs, and 
their 20 complements to form 2- 
level AND-OR product terms for 
any S, R, or T input; to form an 
OR term for any preset or clear sig- 
nal; and to form an AND term for 
output control. And you can specify 
either polarity for the input edges 


of each flip-flop. The device is pro- 
grammable on standard PLD pro- 
grammers. 

The package style of the IPAC 
features center Vcc and ground 
pins to reduce ground bounce. The 
part comes in plastic or ceramic 
DIPs at prices of $13.95 and $14.65 
(100), respectively. 

—-Richard A Quinnell 

Advanced Micro Devices, Box 
3458, Sunnyvale, CA 94086. Phone 
(408) 732-2400. 
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KNOW-HOW, EFFICIENCY 

AND RELIABILITY 

DON'T ALWAYS MAKE 
A LOT OF NOISE... 


THEMIS : FIVE YEARS’ EXPERIENCE IN VME-CARDS 


Belonging to a large French industrial group, we have taken part in the elaboration of the VME-card. 
We have thus acquired a unique experience in industrial cards. 


THEMIS : SOLUTIONS THAT WORK, SOLUTIONS THAT ARE ALWAYS SUITED 


Based on 32 bits CPU, we have developed a complete range 
of intelligent couplers specifically aimed at your industrial applications: 
robotics, graphics, communications, signal processing, etc. 
Mastering UNIX, OS/9, and pSOS have made us 
the unquestioned specialists in real-time (UNIX/pSOS link). 


THEMIS : INDUSTRY'S SPECIAL PARTNER 
From definition all the way up to on-site integration, our teams of engineers will always be there 
to discuss with you to make sure that the achievements and reliability of your applications 
are optimised. 
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AUSTRIA: REKIRSCH ELEKTRONIK TEL: (43) 222 253626/0 - DENMARK: SCANSUPPLY A/S ITALY: LASI ELETTRONICA S.p.A. TEL: (39) 22440012/212 - TEKELEC AIRTRONIC TEL: 


~ TEL: (45) 1835090 - FINLAND: TAHINIK OY TEL: (35) 805653233 - FRANCE: TEKELEC (39) 27380642 - NORWAY: TAHONIC A/S TEL: (47) 2161610 - SWEDEN: TH’S ELEKTRONIK AB 
TEL: (33.1) 45 347535 - CODICOM (SILEC) TEL: (33.1) 43 75 95 92 - GERMANY: TEL: (46) 8362970 - SWITZERLAND: MODULATOR S.A. TEL: (41) 592222 - U.K.: 


TEKELEC AIRTRONIC GMBH TEL: (49) 8951640 - ALLMOS ELECTRONIC GMBH TEL: H TEL: (49) 8570000 - T iH F M | S KORAL MICROSYSTEMS LIMITED TEL: iy 7 50526 - TEKELEC COMMUNICATION LIMITED 
TEL: (44) 734771020 
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PRODUCT UPDATE 


LabView upgrade reduces execution time and 
enhances editing and graphics controls 


If you like LabView Version 1.2, 
you'll love the 2.0 upgrade. It has 
a compiler that significantly re- 
duces execution time, provides edit- 
ing capabilities like rubberbanding, 
offers graphics controls such as pan- 
ning and zooming, and supports in- 
teger data elements. But, best of 
all, the company will give LabView 
2.0 to all Version 1.2 owners at no 
charge. 

Lab View is a colorful, icon-based, 
graphical programming system that 
simplifies engineering and scientific 
programming on Apple Macintosh 
computers by permitting you to de- 
sign software-generated “virtual in- 
struments.” But, instead of writing 
lines of code, you produce these in- 
struments by drawing block dia- 
grams that represent test and 
measurement functions. You then 
control these instruments via picto- 
rial renditions of the types of 
switches, dials, and levers you 
might actually find on 3-D versions 
of such equipment. 

In Version 1.2, the graphical pro- 
gramming language is interpreted 
as it runs. In Version 2.0, a graphi- 
cal language compiler generates 
machine code from the block dia- 
grams that compose your virtual in- 
strument. So I/O intensive applica- 
tions can realize as much as a 300% 
speed advantage over your 1.2 ren- 
dition, and computation-intensive 
applications developed under the 
new software can run as much as 
60 times faster. And, LabView 2.0 
can run all the applications you’ve 
developed under Version 1.2 

To reduce memory requirements 
and to further increase execution 
speed, LabView 2.0 adds multiple 
integer and floating-point data for- 
mats to the old version’s extended 
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Providing an extensive graphics interface and compiled execution speed, LabView Version 
2.0 simplifies your design efforts when prototyping virtual instruments. 
a ee pe ee eee 


precision floating-point data type. 
For embedded LabView applica- 
tions, the manufacturer provides a 
run-time system for “operate-only” 
end-user functions. The program’s 
object-oriented open-architecture 
and dynamic linking mechanism lets 
you write C code and link it to 
LabView without recompiling the 
LabView code. 

The rubberbanding feature lets 
wires remain attached to and move 
with an icon as you relocate it 
within a block diagram. You can se- 
lect multiple objects for group ma- 
nipulations, or cut and paste icons, 
front panels, and block diagrams 
from one part of a virtual instru- 
ment to another area in the same 
device or to a different instrument. 

If you don’t have LabView 1.2, 
you can buy the Version 2.0 for 
$1995. The company also plans to 


distribute libraries of LabView in- 
strument drivers via its MacNet 
electronic bulletin board and on 14 
31/2-in. floppy disks. The disks cost 
$50 each, and access charges for 
MacNet vary from $4 to $8 per 
hour. —J D Mosley 
National Instruments, 12109 
Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in 
TX, (512) 250-9119. TLX 756737. 
Circle No 737 
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Saratoga FIFOs, 


Our new FIFOs 
are the world’s 
fastest. Available 
noe in 10, 15, 


5,40and 


will soon include 64 by 9 and larger 
density 512, [IK and 2K by 9 devices. 
Joining Saratogas existing lines of 
high-performance TTLand ECL 
static RAMs—also among the fastest 
now available. And all made pos- 
sible by our proprietary BICMOS 
technology—SABIC=which 
combines the best of both the 
bipolar and CMOS worlds. : 
So if system timing headaches 
have got you down, take one of our 
new FIFO buffers. And call us in 


devices deliver performance 
unmatched in the industry—at 10, 
15, 25, 40 and 50 MHz. 

Even so, they consume no more 
power than CMOS FIFOs, while 
offering high output drive that's 
TTLcompatible. And they can be 
cascaded to expand in word width 
and depth. Plus they re available 
in both commercial and military 
temperature ranges, in industry- 
standard pin-outs. 

This new generation of FIFOs 


Introdu 
The First 5O- Le 


CA 95014. 


Clock Frequency 


Data Access Time 

Data Set-up and Hold Time 
Bubble-through Time 
Power Consumption 
Output Drive 


Slow ee eee 
headaches. You thought youd 

tried every buffering remedy in the 
book to get rid of them. 

But here's one you havent: raw 
FIFO speed. Using Saratogas new 
family of BiCMOS FIFOs—the 
world's first 50-MHz first-in, 
first-out memories. 

Organized as 64 words by-4 and 
by-5 bits wide, these RAM-based 


= Sarat 


Saratoga FIFO Memories 


the morning: (408) 864-0500. 


Or write: Saratoga Semiconductor, 
10500 Ridgeview Court, Cupertino, 


50 MHz(40 MHz 
military) 

15 nsec 

3 nsec 

25 nsec (max) 

385mW 

l6omA 


oga 
= Semiconductor 


The Technology Leader in BiCMOS 
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PRODUCT UPDATE 


ASIC-verification system produces 200-MHz 
patterns and uses Unix-like OS with X Windows 


The HP 82000 boasts hardware and 
software that its developers are 
confident will set it apart from the 
competition. ASIC-verification- 
system vendors target their prod- 
ucts primarily at engineers who de- 
velop custom digital ICs and those 
who produce the devices in limited 
quantities. Therefore, ASIC verifi- 
ers don’t need to test devices as 
rapidly as do automatic test sys- 
tems intended for high-volume pro- 
duction. 

Many users, however, will no 
longer accept systems that test de- 
vices only functionally—that is, sys- 
tems verifying that the prototypes 
actually perform the same functions 
as the parts simulated during devel- 
opment. Most users now demand 
systems that, after testing a few 
prototypes, provide high confidence 
of acceptable production yields. 
Such systems must have static and 
dynamic parametric-test capability. 
And because test development is 
such a large factor in the life-cycle 
cost of producing parts in low vol- 
ume, users are demanding tools to 
speed test development. 

If the preceding requirements 
aren’t enough, the increasing com- 
plexity of ASICs, evidenced by as- 
cending pin counts, and their in- 
creasing speed make the job of 
ASIC-verifier designers still more 
challenging. The engineers at 
Hewlett-Packard’s Boeblingen, 
Germany instrument division set 
out to meet these challenges. The 
resulting system uses a 68030-based 
HP 9000 Series 360 computer with 
8M to 32M bytes of main RAM, a 
hard disk of at least 120M-byte ca- 
pacity, and a cartridge-tape backup 
unit. It runs under HP-UX (the 
vendor’s real-time extension of the 
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The desktop configuration of HP’s 82000 


ASIC verifier can accommodate 80 channels. 


Larger systems, with as many as 384 channels, place the test electronics in a free-standing 


enclosure, which includes the DUT interface. 


Unix operating system) and the 
XWindows graphics-environment 
manager. 

To simplify program develop- 
ment and debugging, the large- 
screen, high-resolution monitor dis- 
plays multiple windows, similar to 
those available on larger and more 
costly automatic test systems. With 
this monitor, you use a mouse to 
make selections from menus, to con- 
trol editing, and to set the size and 
shape of screen windows. 

You can expand the test hard- 
ware to drive and sense 384 chan- 
nels. The true tester-per-pin archi- 
tecture eliminates fixture wiring for 
devices in many dual-in-line and 
pin-grid packages and allows you to 


reconfigure channels individually. 
For example, if you want to “bor- 
row” pattern memory from one 
channel to provide deeper memory 
on another, you need affect only 
two channels—the one contributing 
its memory and the one receiving 
it. HP spokesmen point out that the 
advent of tester-per-pin architec- 
ture has prompted companies 
whose testers share resources 
among channels (an older, less ex- 
pensive, and less flexible design ap- 
proach) to coin yet another term in 
automatic test’s arcane, inscrutible 
lexicon: “per-pin” architecture. HP 
claims that when vendors use the 
term “per-pin” to mean the opposite 
of “tester-per-pin” they confuse 
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me, Available Now 


Micron just broke 
the SRAM speed barrier * 
with our family of leading 
edge, super high speed CMO 


nee MT5C2561 256K X 1 PDIP, CDIP, SOJ, LCC 
S. 
Weve aa plied thannme- ator MT5C2564 64K X 4 PDIP, CDIP, SOJ, LCC 
the-art design and process technology used “ **, MT5C2565 64K X 4 OE PDIP. CDIP. SOJ, LCC 
for our high quality DRAMs in development of our 
fast static RAMs — with some amazing results. MT5C2568 32K X 8 PDIP. CDIP SOJ, LCC 
At an incredible 25ns for 256K and 15ns for 64K, IMiscesnl |. 64KX1 
our SRAMs are breaking speed records. And we’re MISC6401 64K X 1 PDIF, CDIF, SOJ 
not just sampling product, we’re shipping MT5C6404 16K X 4 PDIP, CDIP, SOJ 
production volumes. aA 
Choose from a wide variety of components MT5C6405 16K X 4 OE PDIP, CDIF, SOJ 
16K to 256K and organizations of x1, x4 and x8. 
And like all Micron memory products, our MT5C6408 8K X 8 PDIP. CDIP, SOJ, LCC 
SRAMs are backed by the type of , strong sales, Miscieol eK Xi | 
customer service and technical ayaa MT5C1601 16K X 1 PDIF, CDIF, SOJ 
MT5C1604 4K X 4 PDIP, CDIP, SO} 


support that keeps you on 


the leading edge. pee PDIP CDIR SO] 
For additional information ong MT5C1605 4K X 4 OE PDIP, CDIP, SOJ 
_ how you can break the SRAM MT5C1606/7_ | 4KX4S1/O PDIP, CDIP, SOJ 


speed barrier, call 208-386-3900. 


Micron, it’s a name worth remembering. MT5C1608 2K X8 PDIF, CDIF, SOJ 


*Slower speeds also available. 


TECHNOLOGY, INC. 
MICRON TECHNOLOGY, INC., 2805 E. COLUMBIA ROAD, BOISE, IDAHO 83706 208-386-3900 
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— Anew 
STD Bus single board 
computer? Will it... 


cast 


All CMOS construction 
means low power 
consumption 


Up to 512k 
battery-backed SRAM- 
enough for MS- DOS 


16-bit 80C186 CPU 

for PC compatibility, 

up to 12 MHz operation 
for real-time applications 


SBX interface for piggy-backing extra functions 


THE CPU-186 


Very functional. Designed for 
the industrial environment. 
Supported by industry-proven 
software development tools for 


MS-DOS compatible, ROM- 


based systems. 


Member STDMG 


4 serial channels, includes 
RS-422/485 interface for 
multi-drop communications 


Battery- backed 
clock/calendar and 
watch-dog timer 


24 PlO lines for industrial 
VO functions 


4 counter/timers for 
monitoring external events 


Upto 256k EPROM for 
program storage 


—BUSCON— 


SRNR TS PY 
OCTOBER 4-6. 1988 
JACOB K. JAVITS CONVENTION CENTER 
NEW YORK CITY 


$476 (OEM quantities) See us at 
AVAILABLE NOW BUSCON #447 


Call our applications engineers, (803) 877-8700, 
for more information on the CPU-186 and our 
extensive line of STD Bus systems, boards, and 
card cages. 


s ter 
1 DYNAMICS 


COMPUTER DYNAMICS SALES 


107 S. Main St., Greer, SC 29651 803-877-8700 
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INTEL 
FLASH MEMORIES. 
A FORCE FOR CHANGE. 


Now you can update a cash register with the latest prices. 
Cost-effectively. Only with an Intel Flash memory. 


Just call 800-548-472 5 (Lit. Dept. 463). 
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UPDATE | 


prospective buyers—perhaps quite 
intentionally. 

Each of the tester’s channels can 
drive and sense at 200 MHz, a rate 
that’s extremely fast even for a 
more expensive system. The total 
edge-placement error is 250 psec. 
To run at this speed, you do not 
have to sacrifice channel capacity. 
In addition, without sacrificing 
channels, you can burst out 128k- 
word-deep patterns to the DUT 
(device under test). The system can 
output patterns in the following for- 
mats: return to 1, return to zero, 
return to complement, and delayed 
nonreturn to zero. You can select 
between edge and window compari- 
son; to accommodate devices fabri- 
cated using most semiconductor- 
manufacturing processes, you can 
vary the threshold levels from —4 
to +8V. 

To cut test-development time, 
the system software provides an 
automatic test generator and link- 
age to CAE programs. It provides 
many choices of test-result displays, 
including timing diagrams, error 
maps, state lists, and schmoo plots. 
HP 82000 pricing begins at $65,000, 
and a 64-channel system costs 
$193,000. Delivery is scheduled for 
the first quarter of 1989. 

—Dan Strassberg 

Hewlett-Packard Co, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
Phone local office. 
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Waveform display from Probe 


Characterizing a Transistor with Parts 


PSpice 
The Standard for Analog Circuit Simulation 
Now Available for OS/2 


EDN September 15, 1988 


Since its introduction over four years ago, 
MicroSim’s PSpice has sold more copies than all 
other commercial SPICE programs combined. 
Now P$Spice is available for the OS/2 operating 
system on the PC family of computers: 


e Larger circuits can be simulated. Maximum cir- 
cuit size is limited only by the amount of RAM 
which is installed in the PC. 


¢ The multitasking ability of OS/2 allows running 
PSpice as a background task, freeing the PC for 
other uses. 


All these features which have made PSpice so 
popular are available: 


e Standard parts libraries for diodes, bipolar 
transistors, small-signal JFET’s power 
MOSFET’s opamps, voltage comparators, and 
transformer cores. 


GaAs MESFET devices, BSIM MOS model. 


e¢ Non-linear transformers modeling saturation, 
hysteresis, and eddy current losses. 


¢ Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 


Allthese PSpice options are available under OS/2: 


¢ Monte Carlo analysis to calculate the effect of 
parameter tolerances on circuit performance. 


e The Probe “software oscilloscope”, allowing 
interactive viewing of simulation results. The 
left photograph above is a Probe display. 


e The Parts parameter extraction program, allow- 
ing you to extract a device’s model parameters 
from data sheet information. The right 
photograph above is a Parts display. 


e The Digital Files interface, allowing you to 
transfer data from your logic simulator to (or 
from) PSpice. The interface performs the 
necessary D to A or A to D conversions. 


In addition to the PC, PSpice is also available on 
these computers: 


e The Macintosh II. 
e The Sun 3 and 4 workstations. 


e The VAX/VMS family, including the Micro 
VAX II. 


Each copy of PSpice comes with our extensive 
product support. Our technical staff has over 50 
years of experience in CAD/CAE and our software 
is supported by the engineers who wrote it. With 


PSpice, expert assistance is only a phone call away. 


Please call or write today for a free PSpice demo 
diskette. Find out for yourself why PSpice is the 
standard in analog circuit simulation. 


& 


20 Fairbanks, Irvine, CA 92718 USA 
(714) 770-3022 (800) 826-8603 Telex 265154 SPICE UR 


PSpice is a registered trademark of MicroSim Corporation. All other brands and product names are trademarks or registered trademarks of their respective holders. 
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flexibility we need to 
tailor our backplanes 
to each application.” 
Now, nearly 1,000 
backplane systems 


The Tandem NonStop VLX™ system. 


later, is Tandem still 


ompletely sold on 
Teradyne’s High Den- 
sity Plus? “We made 


the right choice with _| us today at 


Teradyne. And we 


look forward to work- | 5156, ext. 


ing with 

Teradyne 

to meet just 

write: 

interconnection Teradyne 

requirements.’ nnection 
If you want uncom- | Systems, 44 

promising intercon- Simon St., 

nection performance ashua, NH 

and reliability, your 03060. 


choice | High Density Plus One backplane. 
should be OTR gril rypenees att 
Te ra dy n e, circuit Pace ‘ia 
too. To find 

Out how we 


can help 
interconnect | 
your VLSI 
designs, 


(603) 889- 
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READERS’ CHOICE 


| ert nt SS A 


Of all the new products covered in EDN’s June 9, 1988, issue, the ones reprinted here generated the most 
reader requests for additional information. If you missed them the first time, find out what makes them special: 
Just circle the appropriate numbers on the Information Retrieval Service card, refer to the indicated pages in 
our June 9, 1988, issue, or use EDN’s Express Request service. 


< DIGITAL STORAGE SCOPE 

The HP 54501A 4-channel, 100-MHz DSO brings you 

digital-storage-oscilloscope features at a price ($3465) 
substantially closer to that of an analog scope (pg 94). 


A SENSORS 


wC FAMILY > 
The TMS370 family of 8- 
bit wCs offers you the 
convenience of configur- 
ing a semicustom wC 
from a list of available 
modules (pg 96). 
Texas Instruments Inc. 
Circle No 605 


MQ triple-beam photoelectric sensors have a sensing 
capability ranging from 1 in. to 2 ft, and they feature 
operating speeds of 200 operations/sec max (pg 284). 


Aromat Corp. 
Circle No 603 
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Hewlett-Packard Co. 
Circle No 601 


SERIAL sf , 
PERIPHERA 
INTERFACE 


FILTER 


DESIGN TOOL 
PMSS Active Filter De- 
sign Tools 2.0 is a low- 
cost, filter-analysis and 
-design program that 
covers the most com- 
monly used filter designs 
(pg 326). 

Power Mountain Soft- 
ware Systems. 

Circle No 602 


esa 


PROGRAM ROM 
4 KBYTES 


CENTRAL 
PROCESSING 


Gurr | 256 BYTES 


TMS370C050 


A VIDEO OP AMP 
The HA-2544 general- 
purpose op amp is opti- 
mized for video and other 
high-speed signals. The 
device features a unity- 
gain bandwidth of 45 
MHz and a slew rate of 
150V/wsec (pg 269). 
Harris Corp. 

Circle No 604 
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© PLESSEY 


Were eliminating 

the competition 

with something 

everyone else seems 

~ to have forgotten 
you need... 


Plessey - Unsurpassed 
Process Technology 


As system design becomes more and 
more challenging, and product life 
cycles become increasingly shorter, 
design flexibility and getting it right the 
first time have become critical factors 
in gaining and maintaining that max- 
imum performance edge you’ve been 
looking for. 

Plessey’s investment in advanced 
process technology is unequaled in the 
industry. Successive reductions in 
feature size and continued improve- 
ment in process techniques are at the 
heart of leading-edge Plessey products. 


PLESSEY and the Plessey symbol are trademarks of the Plessey Com- 
pany, PLC. 
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Plessey - The Ultimate in 
ASIC Technology 


Our broad range of ASIC products 
has grown to the point where we are 
now able to meet all the needs of ASIC 
users. We offer a full ASIC product 
range with a variety of options for 
digital, analog and mixed analog/digital 
applications, in gate arrays, standard 
cells, and full-custom. Advanced, state- 
of-the-art processes in fine geometry, 
high-density CMOS, bipolar and ECL 
technologies give you the highest levels 
of performance and system integration 
available today. 


Plessey - Unparalleled 
CAD Support 


The Plessey Design System (PDS) is a 
comprehensive suite of software em- 


bracing the design, simulation and im- 
plementation of gate arrays, standard 
cell and compiled ASICs in CMOS and 
bipolar technologies. 

Customers who want to use their 
own CAD workstations or simulators 
are accommodated by flexible design in- 
terfaces at various stages into PDS. 


Plessey - Standard Products 
And Discrete Components 


Plessey’s standard product family of- 
fers the highest performance product 
range available in the world today. 
Capabilities range from CMOS DSP 
devices operating in excess of 20MHz to 
the world’s most advanced 1.3GHz 
monolithic log amplifier. 

High performance solutions are also 
offered in radio communications, digital 
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frequency synthesis, data conversion, 
telecommunications, data communica- 
tions and consumer products. 

Complementing the standard IC 
family, Plessey manufactures a com- 
plete line of discrete components in- 
cluding FETs, transistors and diodes 
available in SOT-23 and TO-92 
packages. 


Plessey - Over Two Decades 
Of Quality Commitment 


For more than 20 years, Plessey 
Semiconductors has been commited to 
supplying the latest technology, highest 
quality, and highest performance 
semiconductor products in the in- 
dustry. With our unique combination 
of CAD support, major advances in pro- 
cess technology, and the most advanc- 
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BIPOLAR 


DESCRIPTION Ft EMITTER 


Industry standard 400MHz 
High voltage 200MHz 
High speed linear 4.5GHz 
High speed digital 6GHz 

Ultra-high speed 14GHz 


MOS 


{CLOCK MINIMUM VSUPPLY 


FEATURE 
' KC Industry standard CMOS 20MHz 4um 3-10V 
_ JG Double SiGate NMOS 10MHz 6um 9-18V 
VB High speed CMOS 40MHz 2um 3-5V 
VJ Very fast CMOS 50MHz 1.5um 3-5V 
VQ Ultra fast CMOS 75MHz 1.2u 3-5V 


PROCESS FAMILY 


BIPOLAR (CDI) 


EMITTER 

WIDTH/ GRID MAX. MAX. 
FEATURE SIZE PITCH SPEED POWER 
ORIGINAL CDI 5um 
CDI FAB | 3.75um 11.5um 10ns- 2.4pJ 
CDI FAB lla 2.5um 8um 4ns 1.2pJ 


Geometry change (utilizing multi-level differential logic-DML) 


CDI FAB IIb 2.5um 8um 800ps_ 0.8pJ 
CDi FAB Ill 1.5um 6um 400ps_ 0.4pJ 
CDI FAB IV 1.2um 4.5um 200ps_ 0.2pJ 


PROCESS 


For further information you can write 
to us at one of the following addresses: 


ed research facility in the world, 
Plessey Semiconductors is, today, a 
totally commited leader in the industry. 
Plessey Semiconductors 
1500 Green Hills Road 
Scotts Valley, CA 95066 
U.S.A. 


To learn more 
on how Plessey can 
help you achieve 
the maximum per- 
formance that 
gives you the 
edge, send for 
our new comp- 
rehensive, full 
color, 72-page 
short form 
brochure, 
or call Plessey 
Semiconductors today. 


In North America call 1-800-441-5665. 
Outside North America call 44-793-726666. 
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Plessey Semiconductors Ltd. 
Cheney Manor, Swindon 
Wiltshire SN2 2QW 

United Kingdom 


© PLESSEY 


LEADTIME INDEX 


ITEM 
TRANSFORMERS 
Toroidal 

Pot-Core 
Laminate (power) 
CONNECTORS 
Military panel 
Flat/Cable 
Multi-pin circular 
PC (2-piece) 
RF/Coaxial 
Socket 

Terminal blocks 
Edge card 
D-Subminiature 
Rack & panel 
Power 

PRINTED CIRCUIT BOARDS 
Single sided 

Double sided 
Multi-layer 
Prototype 
RESISTORS 

Carbon film 

Carbon composition 
Metal film 

Metal oxide 
Wirewound 
Potentiometers 
Networks 


FUSES 

SWITCHES 
Pushbutton 
Rotary 

Rocker 
Thumbwheel 
Snap action 
Momentary 
Dual-in-line 

WIRE AND CABLE 
Coaxial 

Flat ribbon 
Multiconductor 
Hookup 

Wirewrap 

Power cords 
POWER SUPPLIES 
Switcher 

Linear 


CIRCUIT BREAKERS 
HEAT SINKS 
- BATTERIES 


Lithium coin cells 

9V alkaline 

Real-time clock back-up 
RELAYS 

General purpose 

PC board 
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ITEM =. 4 3G. 6 ee Be 
Dry reed 60 41 #42 #17 0 72 8.5 
Mercury 0 33 8 17 8 Oj #6 10.6 
Solid state 0 39 f@ 22 6 0 8.7 7.9 


DISCRETE SEMICONDUCTORS 


Diode 29 29 0 | 
Zener 31 0 
Thyristor 0 
Small signal transistor 0 
MOSFET 0 
Power, bipolar 0 
INTEGRATED CIRCUITS, DIGITAL 

Advanced CMOS 0 28 8 33 %G OF 
CMOS 7 27 4 20 +6 OO 
TTL 2. #17 +45 #17 ~=~«#8 +#«O 
LS 16 #16 8 #16: 6 #0 


INTEGRATED CIRCUITS, gibt 
Communication/Circuit _ 
OP amplifier 
Voltage regulator 
MEMORY CIRCUITS 
DRAM 16K 

DRAM 64K 

DRAM 256K 

DRAM 1M-bit 
SRAM 4K x 4 
SRAM 8K x 8 
SRAM 2K x 8 
ROM/PROM 
EPROM 64K 
EPROM 256K 
EPROM 1M-bit 
EEPROM 16K 
EEPROM 64K 
DISPLAYS 

Panel meters 7 14 +S .29 0 
Fluorescent 10 10 2 60 0 
Incandescent 2 50 @ 2 6G 
LED 16 4 6 
Liquid crystal 7 27 
MICROPROCESSOR ICs 
8-bit 

16-bit 

32-bit 

FUNCTION PACKAGES 
Amplifier 13 27 AO 
Converter, analogtodigital 7 8 64. 21 
Converter, digitaltoanalog 8 8 61 

LINE FILTERS 47 «25-44 «#17 
CAPACITORS 
Ceramic monolithic 
Ceramic disc 

Film 

Aluminum electrolytic 
Tantalum 


INDUCTORS 
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The CMOS LED display leader 
has acquired a valuable stamp. 


And the valuable advantages 
are all yours! 
Hi-rel design engineers will 
appreciate the superior quality and 
reliability our DESC-approval 
represents. This, combined with 
our broad product offering, makes 
us an unmatched choice for 
satisfying your most stringent LED 
alphanumeric display requirements. 
Here’s your new military lineup: 
Small alphanumeric displays 
m 15” and .20” dot matrix 
characters, red, High Efficiency 
Red, yellow and green 
@ Serial input 


Intelligent display 
m 15° segmented characters, red 
m 64 ASCII 


In US circle 27 


In Europe circle 28 


Programmable displays 

m 25’ dot matrix characters, high 
efficiency red and green 

m 96 ASCII 


All are user-friendly four character 
displays with on-board CMOS, 
sealed in hermetic packages, and 
tested to MIL-D-87157 and TXVB. 


When you're looking for sophisti- 
cated, quality alohanumeric 
displays, look to Siemens. Our 
DESC-approved line will satisfy the 
toughest standards of all. Yours. 


For more information, call (408) 
257-7910 today. Or write: Siemens 
Components, Inc., Optoelectronics 
Division, Military Marketing 
Department, 19000 Homestead 
Road, Cupertino, CA 95014 


National Distributors: Hall-Mark and Marshall 
Regional Distributors: Advent Electronics, Inc., 
Almo Electronics, Insight Electronics, Quality 
Components, Summit, Western Microtechnology 


Siemens... 
your partner for the future. _ 


© 1988 Siemens Components, Inc. 
CG/2000-453. WLM 746 
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‘oken: | Apec. 


. At last — 
transparency and 
thermal stability 
between 150 
and 184 degrees 
Celsius. 


Compromises are finally over. 
Our new polyester carbonate 
Apec”® provides the solution, 
while offering both quality 
and economy. 

Take for example, highly load- 
ed thermoelectrical industrial 
lamps. 

Because the covers must be 
unbreakable, waterproof, as 
well as dust-protected, they 
have been constructed with- 
out ventilation slits, result- 


ing in high internal heat radia- 
tion. 

Apec meats the task. 
Speciality types have success- 
fully passed our stringent tests 
and are now available for you. 
Our Technical Service De- 
partment is also ready to an- 
swer your specific problems 
quickly and efficiently. 
Please do not hesitate to con- 
tact us if you want assistance. 
© registered trade mark Bayer AG 
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& Please mail the 
Apec brochure. 


iy I am interested 
in speaking to your 
specialist. 


Bayer AG, 
WE-Informationsvermittlung 
Postfach 800149, D-5000 K6ln 80 


If you need immediate 
advice please call 

Mr. Arnolds - 

Telephone: 02 14-30-34-25. 


KU 3983e.i. 


SPECIAL REPORT 


PC resident 


analog-I/O cards 


Various affordable personal computers make 1t easy to implement 
accurate and inexpensive A/D and D/A conversions. The ever-expanding 
choice of analog-1/O plug-in boards provides compatibility 
with the IBM-standard PC/XT, PC/AT, and PS/2 Microchannel buses, 
as well as with the Macintosh II Nubus. 


Bill Travis, Contributing Editor 


I 


f anything underscores the acceptance of personal 
computers in the engineering workplace, it’s the 


for these inexpensive machines. You could count them 
on one hand only four or five years ago; now these 
suppliers number more than 35, and the list is growing 
daily. What’s more, the solitary choice of a serious 
personal computer for analog-I/O purposes—the PC/ 
XT or PC/AT and the clones thereof—has expanded 
to include the IBM PS/2 Series with its Microchannel 
Bus and the Macintosh with its Nubus standard. 

Manufacturers of analog-I/O cards for personal com- 
puters are responding to engineers’ acceptance of per- 
sonal computers in various ways. First, the latest gen- 
eration of boards intended for the PC/XT and PC/AT 
buses uses the latest, fastest available A/D converters 
as well as several architectural innovations to squeeze 
the maximum sampling speed possible out of this ven- 
erable bus. Next, a growing number of board suppliers 
are devoting all-out efforts to hop on the Microchannel 
Bus of the PS/2 line. Finally, several manufacturers, 
recognizing the increasing popularity of the multislot 
Macintosh II Series, have developed boards that ex- 
ploit the advantages of the Nubus standard. 
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burgeoning list of suppliers of analog-I/O boards 


When a new standard comes along—for example, 
the Microchannel Bus and Apple’s Nubus—it’s a natu- 
ral tendency to start planning the funeral of the exist- 
ing standard. According to some experts in the analog- 
I/O-card industry, however, the death knell of the PC/ 
XT and PC/AT buses is premature. Dick Pleau, prod- 
uct marketing manager at Data Translation Inc 
(Marlboro, MA) asserts that the PC/XT and PC/AT 
buses will remain dominant for at least three years, 
and will still be strong contenders for at least five 
years. The PS/2 is not without problems, according to 
Pleau. For example, the unavailability of the OS/2 op- 
erating system constrains the Microchannel computers 
to operate with the older MS-DOS standard. Further, 
the PS/2 Series likes to use vast amounts of RAM (4M 
bytes), an expensive commodity these days. 

As concerns the Macintosh II with its Nubus stan- 
dard, Bob Judd, marketing vice president at 
MetraByte Corp (Taunton, MA), projects that the 
Macintosh II’s market share among engineers will re- 
main minor in comparison with that of the IBM types, 
and will settle at about 15 to 20% of the total personal- 
computer market. However, this percentage is still a 
healthy chunk of a large and growing market, and 
MetraByte and others are developing products accord- 
ingly to fill the Macintosh IT niche. This said, it’s useful 
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A steadily increasing inventory of analog I/O cards is available for your IBM PC family, PS/2, Macintosh IT, and compatible computers. 
(Photo courtesy MetraByte Corp) 
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to examine some recent analog-I/O offerings that ex- 
ploit the classic PC/XT and PC/AT architectures. 

In support of its conviction that the PC/AT bus will 
enjoy long-term viability, Data Translation has ex- 
panded its line of DT2821 Series cards, which operate 
only with the PC/AT bus. New additions to the family 
offer enhanced speed, gain, and resolution. For exam- 
ple, the 12-bit, $2995 DT2821-G boosts the speed of 
the $1995 DT2821-F from 150 to 250 kHz. Both models 
have 16 single-ended or eight differential (you specify 
upon purchasing) analog-input channels and two 12-bit, 
deglitched analog outputs. Both use a dual-DMA archi- 
tecture that allows full-speed transfer to RAM, and 
both feature a RAM channel/gain list that allows the 
user to arbitrarily select gains and channel sequencing. 

Another addition to the DT2821 Series accommo- 
dates low-level input signals. The 12-bit, 40-kHz 
DT2825 ($1445) boosts the software-selectable gains 
of the previous models from 1, 2, 4, and 8 to 1, 10, 
100, and 500. The unit can thus process signals as 
small as +2 mV full-scale. Designed for such high- 
resolution applications as audio processing, the 100- 
kHz DT2823 ($2795) is the only high-speed analog-I/O 
board on the market that offers analog inputs (four, 
differential) and outputs (two, deglitched) that spec 
true 16-bit resolution and linearity. The $2495 DT2827 
is identical to the DT2823, but has two 12-bit analog 
outputs. 

Because of the PC/AT bus’s bandwidth limitations, 


the 250-kHz throughput of the DT2821 Series is ap- 
proximately the upper limit for normal DMA operation. 
MetraByte gets around this upper limit in its 12-bit, 
1-MHz DAS-50 analog-input board by providing on- 
board data storage of 256k, 512k, or 1M words. Respec- 
tively priced at $1999, $2149, and $2449, these PC/XT- 
and PC/AT-compatible units use 16 consecutive loca- 
tions in I/O-address space that you can set to start at 
any base I/O address. The DAS-50, therefore, does 
not consume any memory-address space and needs no 
onboard BIOS initialization. You can install the DAS- 
50 without paying any heed to the I/O addresses used 
by other peripherals. 

Representing an order-of-magnitude leap in speed 
over its $1495 DAS-20 sibling, the DAS-50 has four 
single-ended analog inputs (the DAS-20, by contrast, 
has 16 single-ended or eight differential inputs) and 
has no analog outputs (the DAS-20 has two 12-bit D/A- 
converter outputs). Utility software that comes with 
the DAS-50 provides a pop-up menu that allows users 
to select the attributes for conversions: number of sam- 
ples, internal or external clock, sample rate, channels 
to scan, input range, and trigger and trace modes. 

Trigger modes are internal or external (a digital com- 
mand or an analog-voltage level on an unused channel). 
An onboard 8-bit D/A converter coupled with a com- 
parator allows users to set the analog trigger levels. 
The trace modes are “trace-after-trigger,” which col- 
lects a given number of samples; “trace-before- 


Intended for the IBM PS/2 Microchannel bus, the MC-MIO-16 analog-I/O board from National Instruments provides 16 channels of 


analog input at speeds of 37, 59, or 91 kHz. The board is available in low- and high-gain versions. 
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trigger,” which collects samples until a trigger is re- 
ceived; and “trace-about-trigger,” which collects sam- 
ples until a trigger is received, then continues collect- 
ing for a given number of samples thereafter. 


Hardware bypasses the PC/AT bus 

One way to get around the PC/AT-bus-imposed limit 
of 250 kHz for data transfers is simply not to use the 
bus. That’s the approach Data Translation adopted for 
its series of boards that use the DT-Connect hardware 
bus. These boards have a flat-cable connector along 
the top. Data ports in this connector provide three 
independent 16-bit data paths for simultaneous A/D 
outputs, D/A inputs, and digital-I/O data. In one useful 
configuration of this hardware-connection system, the 
company’s analog-I/O boards can connect directly to 
the $6995 DT7020 floating-point array processor. 

The analog-I/O boards in the DT-Connect Series 
comprise the 12-bit DT2841, DT2841-F, and DT2841-G, 
which spec throughput rates of 40, 150, and 250 kHz, 
respectively. These boards offer 16 single-ended or 
eight differential input channels. Model DT2841-L has 
four differential input channels and a 750-kHz through- 
put rate. The 16-bit, 100-kHz DT2847 has four differen- 
tial input channels. Finally, Model DT2848 features a 
simultaneous sample-and-hold function (with +5-nsec 
aperture uncertainty) for its four single-ended input 
channels. Each of these boards has two independent, 
12-bit D/A-converter outputs. Prices range from $1450 
to $2995, depending on the version you select. 


Low-cost, high-speed 12-bit analog I/O is available on the PCL-718 
board manufactured by American Advantech. The 100-kHz card 
offers 16 single-ended or eight differential input channels and two 
analog-output channels. 
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A hardware-connect system is not the only way to 
increase data-collection speed, as you’ve already seen 
with MetraByte’s DAS-50. Data Translation’s 12-bit, 
$3495 DT2822-L uses an onboard FIFO at its front 
end to collect 1024 samples while the host CPU (for 
the PC/AT bus only) takes care of its interrupt, DMA, 
and disk-control housekeeping chores. The board then 
transfers data through a pair of buffers in continuous 
DMA mode. Using this scheme, the DT2822-L can col- 
lect data at 750 kHz. 


>100-kHz boards abound 

Only about three years ago, the throughput of avail- 
able data-acquisition boards was limited to about 50 
kHz. Since then, a number of factors have cooperated 


High-end workstations offer advantages in analog-I/O processing. 
Intended for Apollo’s DN3000 and DN4000 workstations, the hard- 
ware and software products produced by SignifiCAT take advantage 
of the computers’ extensive windowing, multitasking, and network- 
ing capabilities. 
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Architectural innovation: 
_DMA techniques and on 


to make boards that acquire at =100-kHz rates readily 
available. One of these factors is the availability of 
fast, compact 12-bit A/D converters; another is the 
board makers’ adoption of DMA-handling schemes and 
data-buffering techniques. One A/D converter that’s 
been a boon to producers of analog-I/O boards is the 
774 family, which is produced by several monolithic- 
and hybrid-IC manufacturers. This ADC converts in 
8.5 psec. Given that 10 psec is the period of a 100-kHz 
throughput, the 8.5-wsec conversion time leaves an 
ample 1.5-ysec interval for sample-and-hold settling 
time and other overhead. Several other 12-bit mono- 
lithic and hybrid A/D converters spec conversion times 
from 5 to 0.5 psec. 

One example of recently introduced =100-kHz 
boards is the $2396 RTI-860 from Analog Devices Inc 
(Norwood, MA). This 12-bit unit has 16 single-ended 
analog-input channels. The PC/AT-only board is a dual- 
resolution device—you can collect either 8 bits of data 
at 330 kHz max or 12 bits at 250 kHz max. Four 
simultaneous sample-and-hold channels (with 0.5-nsec 
typ channel-to-channel aperture uncertainty) allow you 
to “freeze” the input signals from four channels simulta- 
neously, in applications in which channel-to-channel 
time relationships are important. The throughput for 
the simultaneous sample-and-hold function is 62.5 kHz 
for 8-bit conversions and 50 kHz for 12 bits. 

Other features of the RTI-860 include software- 
programmable random-channel scan, 256k words (of 
12 bits) of onboard memory, board-to-system DMA 
transfer, and a variety of triggering modes. As with 
MetraByte’s DAS-50, you can configure the board to 


2240, 


An order-of-magnitude leap in speed is the hallmark of MetraByte’s 
DAS-50 analog-input board. The 1-MHz board is 10 times faster 
than its older sibling, the DAS-20. The board has four 12-bit analog 
inputs, and it comes with easy-to-use, pop-up software. 
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trigger from a digital signal or from a selected analog- 
input channel. An onboard D/A converter provides the 
reference for the software-settable analog-input trig- 
ger level. 

Multiplexing, a sample-and-hold function, and A/D 
conversion are the main functions of the analog-I/O 
boards described here. Another important link in the 
acquisition chain is conditioning the signals fed to the 
analog-I/O boards. All the board makers offer screw- 
terminal panels that link the analog signals to the 
boards, and some offer signal-conditioning blocks (am- 
plifying and filtering, for example). Analog Devices’ 
5B Series of modular signal conditioners includes gain 
blocks, thermocouple conditioners, and 4- to 20-mA 
current-loop circuits. In addition, an analog-output 
module provides a 4- to 20-mA output for industrial 
applications. Data Translation also markets Analog De- 
vices’ 5B Series as the DT500 Series. 

A high-speed modular approach by Burr-Brown’s 
spinoff Intelligent I/O (Tucson, AZ) uses a mother 
board that accepts a variety of modules: analog-input, 
analog-output, digital-I/O, simultaneous sample-and- 
hold, and counter-timer cards, for example. The $695 
IQ-141C-3A mother board has 32 points of digital I/O 
and accepts as many as three modules that communi- 
cate with each other via an I3 bus. A DMA technique 
allows the mother board to transfer data to and from 
system memory at rates as high as 360 kHz. As an 
example of the acquisition rates this modular approach 
can attain, the $895 IQ-123M-1 provides eight channels 


Choose the resolution that suits your needs—I12, 14, or 16 bits, 
from the MC-DAS 1612/1614/1616 Series of Microchannel-compatible 
analog-I/O boards from Scientific Solutions. The 16-channel cards 
offer programmable gain at the inputs and one 12-bit analog output. 
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of 12-bit acquisition at rates as high as 180 kHz. 

Another high-speed analog-I/O board has an onboard 
80186 microprocessor that imparts intelligence to the 
data-acquisition process. Model DAP 1200 from Mi- 
crostar Laboratories Inc (Redmond, WA) is available 
in 50- and 150-kHz versions that offer either 128k or 
512k words of onboard RAM. Their prices range from 
$995 to $1995. The 12-bit PC/XT-PC/AT board pro- 
vides 16 channels of analog input and two channels of 
analog output. The onboard software utilities include 
averaging, peak extraction, sensor linearization, and 
FFT routines, to name a few. The company’s $200 
Advanced Development Toolkit provides software 
tools for creating custom commands for the card. 

Not new, but still significant for its capabilities and 
price, is a 12-bit analog-input board from Micro Way 
(Kingston, MA). The $995 A2D-160 is a 2-channel card 
that uses DMA techniques to transfer data to and from 
system memory. The board accommodates the Intel/ 
Lotus Expanded Memory Standard (EMS). Its 
throughput rate is 166 kHz in single-channel mode, 
65 kHz in 2-channel mode. Note that, in 2-channel 
mode, the A2D-160 provides a simultaneous sample- 
and-hold function for the two analog signals. 

A unique feature of the A2D-160 is its onboard pseu- 
dorandom white-noise generator—by using this utility, 
you can measure the impulse response of a system 
without having to apply an actual impulse to the sys- 
tem. Further, the board accommodates one or two $225 


AFM-50 programmable lowpass filters (one per chan- 
nel). This 4-pole antialiasing filter is programmable for 
Q, pole frequencies, and gain. Its cutoff frequencies 
range from 500 Hz to 30 kHz. 

A final example of =100-kHz, 12-bit analog-I/O 
boards is notable for its price. The $895 PCL-718 Op- 
tion 001 board from American Advantech Corp (San 
Jose, CA) has 16 single-ended or eight differential in- 
puts, and two analog outputs. The PC/XT-PC/AT 
board uses DMA techniques to provide 100-kHz 
throughput. 3 


Lower resolution, higher speed 

To obtain extremely high speeds (>10 MHz) in A/D 
conversion, the technique of choice is flash, or simulta- 
neous, conversion. However, the large number of com- 
parators required for flash conversion (22-1, where n 
is resolution in bits) restricts practical embodiments 
of this technique to 8-bit resolution. A few companies 
have put such flash converters in the front ends of 
their PC/XT- and PC/AT-compatible analog-I/O 
boards. 

One example is Markenrich Corp (Duarte, CA). Its 
WAAG II data-acquisition and arbitrary-waveform- 
generator board provides simultaneous data acquisition 
for two channels at 20-MHz throughput for each chan- 
nel. The $1895 board provides a 16k-byte (to 64k-byte, 
optional) memory for each input channel. Its 40-MHz 
front-end bandwidth eliminates any acquisition and 


Using onboard memory to provide high speed, the Microchannel-compatible System 12000 boards from Qua Tech acquires data at 1 MHz. 
The memory accommodates 256k words of acquired-data storage; a DMA scheme ablows the board to operate independently of the host 
computer. 
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phasing errors. An arbitrary-waveform generator al- 
lows you to create waveforms interactively or via a 
disk file. The waveforms can contain as many as 32k 
points (or, optionally, 64k points). 

Another 8-bit specialist is Sonotek (Springfield, VA). 
The firm’s 25-MHz STR*825 is an analog-input board 
for the PC/XT and PC/AT buses that comes in 1- or 
2-channel versions and contains data buffers that store 
16k to 64k words; you can store either one waveform 
or several sequential waveforms in the buffer. Depend- 
ing on the version, it costs from $1750 to $3500. 

A recent update to Sonotek’s 8-bit flash-converter 
boards, the $2100 STR*832, has a 32-MHz base sam- 
pling rate (it can sample 32-MHz transients). An up- 
grade in the near future will equip the board to take 
samples at an equivalent rate of 256 MHz. The fastest 
analog-input board in the industry is Sonotek’s $3850 
STR*1000. It’s a true 100-MHz transient recorder that 
has 50-MHz analog-input bandwidth, 400-MHz equiva- 
lent-time sampling, and programmable gain and at- 
tenuation of the analog signal. 


~ 16-bit resolution—how much linearity? 

Many applications call for resolution finer than the 
one part in 4096 offered by 12-bit A/D conversion. 
Such applications include audio processing and signals 
in medical monitoring equipment. With their theoreti- 
eal resolution of one part in 65,536, 16-bit converters 
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An integrating A/D converter at its front 
end gives 16-bit resolution to the Mini-16 
analog-input board from Strawberry Tree. 
The card offers eight programmable-gain dif- 
ferential input channels. You can alterna- 
tively configure the board in autranging 
mode. 


satisfy the majority of these requirements. Analog-I/O- 
board suppliers use two types of converters in their 
high-resolution boards: successive-approximation- 
register (SAR) converters and integrating converters. 
SAR devices are fast converters; they allow you to 
design analog-input boards that spec throughput rates 
of 10 kHz or higher. The integrating units take several 
milliseconds to convert; they therefore restrict analog- 
input throughput accordingly. Depending on your ap- 
plication, you'll have to inspect the specs of 16-bit ana- 
log-I/O boards carefully. To obtain true 16-bit perform- 
ance (the most important attribute of which is no miss- 
ing codes out of the 65,536 possible) from a high-speed 
(SAR) configuration, look for either a no-missing-codes 
guarantee, a +0.0015% max differential-nonlinearity 
spec, or a spec that ensures +1-LSB max differential 
nonlinearity. Note that the slower integrating convert- 
ers inherently ensure no-missing-codes performance. 
The 16-bit high-speed (SAR) boards (described ear- 
lier) from Data Translation are unequivocal in their 
guarantee of true 16-bit performance. For applications 
that can accommodate 14-bit linearity, The $2095 RTI- 
850 analog-input board from Analog Devices is a 50- 
kHz, 16-bit-resolution unit that has many of the fea- 
tures of the RTI-860, described in the section on =100- 
kHz boards. The PC/AT-only unit has eight differential 
analog-input channels, 256k words of onboard memory, 
and a software-programmable random channel scan. 
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A piggyback approach adopted by Hi Pointe Instru- __ or eight differential analog-input channels. Its differen- 
ments Inc (St Louis, MO) uses the $900 HPI-31 I/O _ tial-nonlinearity spec of +0.005% max guarantees no 
processor, a PC/XT-and PC/AT-compatible mother missing codes to a resolution of 14 bits. The throughput 
board that accommodates A/D and D/A modules. The rate is 50 kHz. A companion 16-bit D/A-converter mod- 
16-bit, $900 HPI-7600 A/D module has 16 single-ended __ ule, the $450 HPI-7200, guarantees monotonicity (over 
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temperature) to 14 bits of resolution. 

A final example of an SAR-type 16-bit analog-input 
board is the $495 Model 134 from Lawson Labs Ine 
(Columbia Falls, MT). This PC/XT- and PC/AT- 
compatible unit guarantees no missing codes to 16 bits, 
has four differential analog-input channels, and specs 
12-kHz throughput. Lawson takes an entirely different 
approach in its $265 Model 140 15-bit analog-input 
board. This card is a 4-differential-input integrating 
unit that performs 7.5 conversions/sec. 

Another recent integrating-type, high-resolution 
analog-input board is available from Strawberry Tree 
Computers (Sunnyvale, CA). The $995 Mini-16 has 
eight differential analog-input channels and 12 digital-I/ 
O lines. It features six software-selectable full-scale 
ranges from 50 mV to 10V; you can alternatively use 
it in autoranging mode. The Mini-16 performs 2500 
conversions/sec. 


Specialty analog-I/O cards 

The boards described so far are basic analog-I/O 
cards that incorporate various bells and whistles to 
improve their ease of use, communications with the 
host processor and memory, and performance parame- 
ters. A few specialty boards on the market go further 
in providing useful engineering tools. Two systems 
from Ariel Corp (New York, NY) and Dalanco Spry 
(Washington, DC), for example, incorporate Texas In- 
struments’ TMS320C25 and Motorola’s DSP56001 DSP 
chips to add signal-processing power to the data- 
acquisition function. 

Model DSP-C25 from Ariel uses the TI chip to pro- 
vide 10-MIPS signal-processing speed. It accommo- 
dates as much as 256k bytes of zero-wait-state RAM 
and works with TI’s low-cost ASM-320 DSP assembler. 
Model PC-56 uses the Motorola chip to provide 10.25- 
MIPS signal-processing speed. This board accommo- 
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Coaxial-cable RF techniques are necessary 
for 25-MHz sampling. The 25-MHz STR*825 
8-bit analog-input board from Sonotek offers 
16k to 64k words of acquired-data memory 
for each of two channels; you can store either 
one waveform or several sequential wave- 
forms in the memory. 


dates as much as 192k bytes of zero-wait-state RAM, 
as well as Motorola’s assembler and simulator for the 
DSP56001. Both boards have sockets for TI’s 
TLC32040 analog-interface IC, a device that provides 
14-bit (10-bit linear) analog input and output at sam- 
pling rates to 19.2 kHz. Both boards cost $595. 

Another specialized DSP board that incorporates 
analog input and output is the PC/XT- and PC/AT- 
compatible Model 25 board from Dalanco Spry. This 
unit also incorporates TI’s 10-MIPS TMS320C25 and 
carries 8k bytes of zero-wait-state RAM. The built-in 
A/D converter and D/A converter provide 110-kHz con- 
version rate. In a typical performance benchmark, the 
Model 25 can perform a 1024-point complex FFT in 
30 msec. 

One class of specialty boards turns your PC/XT, PC/ 
AT, or clone into an instrument. The $2495 IS-16 board 
from RC Electronics Inc (Santa Barbara, CA), for ex- 
ample, configures your computer as a 16-channel, 12- 
bit, 1-MHz digital oscilloscope. It works with the CGA 
or EGA, and takes samples consisting of 64 to 64M 
points. Its double-buffer memory arrangement trans- 
fers data into PC/AT RAM at 250 kHz, or onto a hard 
disk at 70 kHz (hard-disk-transfer software is optional). 
The board contains a coprocessor for signal processing; 
specialized DSP software is available from RC. Also 
available is the $1395 RC-216 16-bit arbitrary- 
waveform generator, as well as several other special- 
ized peripherals. 

A final example of a specialized analog-I/O card is 
the $3208 ADALAB-PC interface board from Interac- 
tive Microware Inc (State College, PA). This card in- 
corporates a 12-bit, 30-Hz integrating A/D converter 
(a 20-kHz, SAR-type converter is optional) and a 12-bit 
D/A converter. The system comes with software and 
hardware that facilitates interfacing with any instru- 
ments that have recorder outputs, and with any de- 
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Consider these three “pop-in’ convert- 
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20M Hz minimum, has no spurious or missing 
codes, aperture jitter of only 60ps, and true 1/2 
LSB 8-bit 47dB signal-to-noise ratio. Our 8-bit 
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This virtual oscilloscope on a card—the IS-16 data-acquisition 
board from RC Electronics—provides a complete front-end sampling 
capability. The unit turns your PC/XT or PC/AT into a 16-channel, 
12-bit, 1-MHz sampling oscilloscope. It takes samples that contain 
64 to 64M points. 


vices that are controlled by a voltage. In short, the 
system is useful for plotting, control, analysis, and 
measurement functions. 


Migrating to Microchannel 

Big Blue’s new PS/2 line of personal computers has 
its proponents and its opponents. The proponents’ view 
is that the Microchannel Bus of Models 50, 60, and 80 
and the yet-to-be-released OS/2 operating system will 
give the personal-computer world dazzling new multi- 
tasking, multiuser, multi-everything capabilities. The 
opponents’ view is that IBM should have left well 
enough alone, and a cynical faction posits that the only 
reason for the Microchannel’s development was to ex- 
clude competition from the market. 

Whatever the rationale behind—and the merits of— 
the Microchannel line of PCs, the fact is that they’re 
here now, and they’re growing in popularity. This 
popularity will certainly grow even more once the clone 
makers (for example, Tandy and Dell) swing into large- 
scale production. (Clone makers must pay IBM royal- 
ties for the use of the Microchannel architecture— 
something they didn’t have to do with the open- 
architecture PC/XT and PC/AT.) Several manufactur- 
ers of analog-I/O boards, having seen the writing on 
the wall, have developed products for the Microchannel 
line of PCs. 

Two new products signal Data Translation’s entry 
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into the Microchannel market. The $995 DT2901 is a 
12-bit analog-I/O board that has 16 single-ended or 
eight differential inputs. It has software-selectable 
gains of 1, 2, 4, 8, or 16. The $995 DT2905 is similar, 
but is intended for low-level-signal applications; its 
software-selectable gains are 1, 100, 500, and 1000. In 
addition, a jumper on the DT2905 provides gain dou- 
bling to allow gains of 2, 20, and 200. Note that the 
DT2905 has an input configuration of eight differential 
channels. Both boards have 50-kHz throughput and 
two 12-bit D/A outputs. RAM-based channel and gain 
sequencing accommodates high-speed sampling for any 
channel sequence. 

The first Microchannel product from MetraByte is 
the $650 »CDAS-8PGA, an 8-differential-input analog- 
input board that has 12-bit resolution. The 5-kHz board 
has nine software-programmable input ranges: in 
unipolar mode, from 20 mV to 10V full-scale; in bipolar 
mode, from +10 mV to +10V. 

System 12000, a $2995 analog-I/O board from Qua 
Tech (Akron, OH), has eight 12-bit analog-input chan- 
nels and two 12-bit analog-output channels. Its onboard 
memory of 256k 16-bit words accommodates a sampling 
rate of 1 MHz. A DMA scheme allows the System 
12000 board to operate independently of the host com- 
puter. The board features pre- and post-triggering, 
programmable gains, and 8255-controlled digital I/O. 
Available for the PC/AT bus now, the board will come 
in a Microchannel version in November. 

The MC-MIO-16 Microchannel-compatible board 
from National Instruments (Austin, TX) provides 12- 
bit analog inputs and outputs. The board has 16 single- 
ended or eight differential inputs and two analog out- 
puts. A jumper selects unipolar or bipolar input ranges; 
a software-programmable amplifier provides gains of 
1, 2, 4, or 8 for high-level signals (Model MC-MIO-16H) 
or 1, 10, 100, or 500 for low-level signals (Model MC- 
MIO-16L). Three speed versions of the board provide 
worst-case throughputs of 37, 59, and 91 kHz. Prices 
range from $1195 to $1495. 

The final example of Microchannel-compatible ana- 
log-I/O boards is the MC-DAS 1612/1614/1616 Series 
from Scientific Solutions Inc (Solon, OH). These boards 
are 12-, 14-, and 16-bit units, respectively. They have 
16 single-ended or eight differential inputs and one 
12-bit D/A output. A software-programmable input 
amplifier provides gains of 1, 2, 100, or 500. In order 
of increasing resolution, the throughput rates of the 
three versions are 80, 40, and 40 kHz. For all three 
versions, an unequivocal full-temperature spec of 
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interface and Peripheral Channel Controller. Plus 
high-density on-board DRAM (4 or 8 Mbytes), SCSI 
interface and Ethernet chip set. To even come close in 
functionality, it would take as many as five 
conventional modules. 


Besides which, the 147 outperforms everything in 
sight. It takes maximum advantage of Motorola’s new 
32-bit MPU—the MC68030—coupled with a floating- 
point coprocessor. Both running at up to 25 MHz, 


to give you outstanding number- 
crunching power. 


And since the 147 features both 
UNIX® and real-time operating 
system support, you can plug it 
into your existing 020-based 
architecture and software base. 
So you achieve a level of integration never before 
possible, while protecting your existing investment. 
All of which gives you unprecedented price/ 
performance advantages for just $3747 in OEM 
quantities of 100. 


To get an idea of what the future of VME looks like, 
call us today—toll free: 1-800-556-1234, Ext. 230; 
in California, 1-800-441-2345, Ext. 230. Or write: 
Motorola Microcomputer Division, 2900 Diablo 
Way, Iempe, AZ 85282. 

UNIX is a registered trademark of AT@T. 
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S : _ +1/2LSB for integral and differential linearity guaran- 
tees both transfer-function straightness (integral 
_ linearity) and no missing codes (differential linearity). 


_ The boards cost $995, $1195, and $1495. 


Attacking the Mac 
The Macintosh II’s open architecture, crisp graphics, 
_ and friendly interface are endearing the machine to a 
growing number of engineers. The six beckoning 
Nubus expansion slots have spurred several manufac- 
turers of analog-I/O boards to develop products in a 


hurry. (For a discussion of the available analog-I/O 


products for the Macintosh II, see “Vendors offer a 


on range of data-acquisition and -control boards for the 


Macintosh II,” EDN, March 3, 1988, pg 57.) 
_ Data Translation has added several new Macintosh 
_ II products to its line. A higher-speed version of the 


initial DT2221-F—the $2995 DT2221-G—brings the 


throughput from 150 to 250 kHz. An even higher-speed 
version, the $3495 DT2221-L, boasts 750-kHz through- 
put. In addition, the company has added a low-cost, 
50-kHz family to its portfolio. The DT2211 is a 12-bit 
_ analog-I/O board that has 16 single-ended or eight dif- 
_ ferential inputs and two D/A outputs. The high-level 
(0.625 to 5V full-scale) DT2211-PGH costs $795; the 
low-level (10 mV to 5V full-scale) PGL costs $895. 
Also new is a product from GW Instruments (Cambr- 
idge, MA). The MacAdios II Jr (no family connection 
_ with the IBM PC Jr—shudder) fills out the low end 
of the MacAdios line—it has no sockets to accommodate 
extra A/D converters, D/A converters, filters, or ana- 


 log-input multiplexers. The $800 MacAdios II Jr offers 


16 single-ended or eight differential input channels, 
eight digital-I/O lines, and three counter/timer chan- 
nels, and it acquires data at 20 kHz. 
_ Another low-level (20 mV to 10V full-scale) unit from 
Data Translation is the 12-bit DT2225, which has 40- 
kHz throughput and costs $1695. The DT2228 is a 12- 
_ bit unit that has a simultaneous sample-and-hold func- 
tion on its four single-ended inputs; it specs 100-kHz 
throughput and costs $2495. Finally, the company has 
added 16 bits to its Macintosh II capabilities. The $2495 
DT2227 has four differential, 16-bit inputs and two 
12-bit D/A outputs. Its throughput rate is 100 kHz. 
Finally, note that data acquisition for engineering 
workstations has not gone neglected. A specialist in 
_ this field, SignifiCAT Inc (Hudson, MA), offers analog- 
I/O hardware and software especially tailored for 


- Apollo’s DN3000 and DN4000 workstations. Dr E G 
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Merrill, president of SignifiCAT, has strong convic- 
tions about the advantages of doing analog-signal ac- 
quisition and processing on full-powered workstations. 

In Dr Merrill’s opinion, Apollo leads the pack in 
networking, operating system, PC compatibility (the 
AT bus), graphics, software-development support, dy- 
namic windowing, and third-party support. As he puts 
it, “Microsoft Windows on a PC is to workstation 
graphics as your grandma’s homemade wine is to Lafite 
Rothschild.” 

The $2995 RTS-100 data-acquisition card from Signi- 
fiCAT carries an 80186 processor, 32k bytes of com- 
mand ROM, and 128k bytes of RAM. The 250-kHz 
board has eight single-ended inputs. The company of- 
fers a comprehensive software package for developing 
data-acquisition and -analysis applications on Apollo 
DN3000 and DN4000 workstations. The $12,000 pack- 
age includes extensive graphics support for program- 
ming in high-level languages. Another software pack- 
age, the $800/node ILS Interface, allows the RTS-100 
to acquire and format data files for analysis by Signal 
Technology’s Interactive Laboratory System (ILS). 


Article Interest Quotient (Circle One) 
High 497 Medium 498 Low 499 
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The future of power supply design is here today: 
Unitrode now offers you resonant control the right 
way. In an IC with the kind of versatility that’s never 
been available before. From the leaders in power 
supply technology and applications support. 


ts Features: 

e 3 MHz VFO Linear Over 100:1 Range 

e 5 Mz Error Amplifier With Controlled 

utput Swing 

e One Shot Timer Programmable From 100ns 

e Precision 5V Reference — 1% 

e Dual Totem Pole Output Stage — 2A Peak Each 

e Programmable Under-Voltage Lockout With 
Low Startup Current 

e Programmable Dual or Single Output Mode 

e Programmable Restart Delay/Fault Latch 


e Additional Uncommitted Comparator 
e 24 pin DIL Or PLCC Surface Mount Packaging 
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Try A Sam 


For $15, we'll send you a sample pack with a UC3860N 
Resonant Control IC, a versatile multi-level PC board 
with a ground plane, a UC3611 Schottky diode array, 
data sheets and other literature. Just add your com- 
ponents to create your next generation power supply. 


For your UC3860 Sample Pack, contact the 
Hamilton/Avnet nearest you — your 
Unitrode Distributor. 


7 Continental Blvd., 
Merrimack, NH 03054 
Tel: 603-424-2410 
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le ader’s work is never Xilinx Programmable Gate Arrays have densities up to and including 9000 honest gates. 
done. How dense. can you get? We aim to keep finding out. 
ee utatic coe with more gates than THE PROGRAMMABLE 
Array and with it a whole anybody ever thoughtapro- GATE ARRAY, IMPROVED, 
new category of logic srammable logic device The 3000 series has a 
devices,thanwerealready Would ever have. second generation Logic 
outdoing ourselves And, are you ready? Cell Array architecture that 
By adding a bie idl rene Cheaper to use than cor- turns a 40 MHz system 
more powerful family of ventional gate arrays. clock rate. 
Programmable Gate Arrays, _._, */ul makes them more That's enough speed to 
the 3000 series ___ ideal than ever. run with the highest per- 
Wihaee ca and formance microprocessors 
different? you can name. , 
They're faster Of course, our patented 


and denser, _ 


aa HRD 


Are the zebras stripes white-on-black or black-on-white? Should you buy the Programmable Gate Array for its cost-effectiveness, 
short development cycle, off the-shelf availability, or its 100% testability? Yes to both questions. 
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LOGIC DEVICE. AGAIN. 


architecture is also respon- 
sible for gate counts that 
range from 1200 in the 
XC 2064 to 9000 in the 

XC 38090. 

Enough density for just 
about any logic application 
you can name. 

Plus more flexibility 
in routing and gate util- 
ization than you'll know 
what to do with. 


THE ONLY 
LOGIC DEVICE YOU MAY 
EVER NEED. 
Like all Xilinx Pro- 
grammable Gate 
Arrays, our 3000 series 
offers the same advantages 
you ve come to know and 
love: 
Gate array density. 
User-programmability 
with unlimited reprogram- 
mability. 
No NRE or inventory 
risk. 
100% tested parts. 
Low cost gate array type 
design tools. 
And a development cycle 


that fits between paychecks. 


Our Programmable Gate 
Arrays also make it simple 
to choose a logic device. 

They simply make every 
other logic device obsolete. 


With their new architec- 
ture, youll have the speed 
you need, plus the density to 
get all your logic on one 
device. 

A device with advantages 
no other technology can 
match. 


So much less it isn’t even 
funny. At least, not to them. 
We can prove it, too. 
Weve prepared a study 
that lays out the cost com- 
parison data in detail and, 
needless to say, wed love 
to send you a copy.(There’s 
also a nice thick data 


Want to see how fast our new 3000 series is? Want to see it again? 


Now stop and ask your- 
self, “Why should I use 
anything else?” 

Good question, isn't it? 


THE PRICE 
IS RIGHT, TOO. 

Weve told you about our 
improved speed. 

And our increased 
density. 

But weve saved the best 
news for last. 

Using a Xilinx Program- 
mable Gate Array costs 
less than using a conven- 
tional gate array. 


book for those of you who 
are already true believers.) 

Just call us toll-free at 
(800) 255-7778. 

In California, (408) 
509-7778. Or contact your 
local Xilinx sales repre- 
sentative or distributor. 

The Programmable Gate 
Array from Xilinx. It's 
everything you've ever 
wanted. Again. 


>~ XILINX 


The Programmable 
Gate Array Company” 


Xilina, Logic Cell Array, XACT and Programmable Gate are trademarks and The Programmable Gate Array Company is a service mark of Xilina, Inc. 
©1987 Xilins, Inc, 2069 Hamilton Ave, San Jose, CA 95125, (408) 559-7778. 
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the mS-GPUT60 and MS-CPU110 are 


a A Let Matite plouide your future 


The power of ~— 
the Future is Here ... 


The MS-CPU Series with * 
1 Megabyte dual ported RAM 
and 68881 Math Co-processor 
meets today's and tomorrow's 
performance requirements. 


The new MS-CPU100 Series reduces 
board count by integrating key features 
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VMEbus solutions with our high 
quality Master Series VMEbus — 


roducts. 
P Available in 


MS-CPU100/110 Features 3G 2 Ob Formats 


_ No- Wait Siate DRAM 


i -Pi n RONM/E ROM sockets, 8h Battery Backed Static Ram 
@ Fu VMEbus System Controller, Supports Multi-Processing 
@ Time of ney. Clock/Calendar, Meee Timer i Genera ie ye bit Timer : 


Fuel your imagination. 


Your imagination is limited only by practical considerations. Materials. Technologies. Costs. That’s why 
coming to Fall Design can make a crucial difference. 


You'll expand your knowledge — and save time, too. Because Fall Design 
puts you in touch with more technical experts, and more new products 
than you could evaluate in months at your office. 


You can further increase your expertise with courses at the 
ASME-sponsored Conference. 


Spend a day at Fall Design and you’ll come away stimulated. 
Refreshed. Equipped with the information you need to fuel 
your imagination. So that you can turn design projects into 
successful products. 


Engineering 
'e Show & Conference ™ 


October 11-13, 1988 


Jacob K. Javits Convention Center 
New York, New York 


SE/EDN 
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| Check Out Our Performance 


All players may cover the basics, 
but not many can play in our 
league. When making your first 
cut you should expect: 


No wait state emulation 

Source level and symbolic debugging 
File compatibility with HP, Intel, 
Tektronix, Motorola and more, 
including symbols 

IBM PC/AT and XT compatibility 
Variable trace depth to 4K steps 
with or without a target CPU 
break or reset 

Trace-and-go with data stored to disk 
A wide range of supported 
microprocessors 

Easy re-configuration and com- 
patibility with earlier model hardware 
Dual processor capability 

Memory read and write protection 
with trace and break 

Menus or direct system commands 
with an on-line manual 

Complete assembler, linker, and 
library utilities 

Free software support services 
Parallel interface high-speed data 
transfer 


U.S. & European Headquarters: 


Sophia Systems, 3337 Kifer Road, Santa Clara, CA 95051 (408) 733-1571 


Corporate Headquarters: 


Sophia Systems Co., Ltd., NS Bldg. 8F, 2-4-1 Nishishinjuku, Shinjuku-ku, Tokyo 160 03-348-7000 


©1988 Sophia Systems. 


Sophia Systems is a registered trademark of Sophia Systems Co., Ltd. = = = SS =... 


ICE is a registered trademark of Intel Corporation. 
MDS is a registered trademark of Mohawk Data Science Corporation. 


IBM PC/AT and XT are registered trademarks of International Business Machines Corporation. Dedicated to MDS/ICE Suppor t 


Best. 
catcher 1n 


~ any league. 


What separates the pros from the players 
is performance, and Sophia’s SAQ8 is a pro. 


It’s not enough to say you can play the game. You need 
that extra talent, and stamina to last. The SA98 is the 
hottest new pro in the league. It'll move you from 8- to 
32-bit microprocessors with ease. Sophia Systems is 
one of the oldest and largest teams in the development 
system league. 


Dedicated to MDS/ICE 

Sophia Systems is a pro in the MDS and ICE field. 
Founded and dedicated to supplying the most advanced 
systems. Keeping the user in mind. 


Try it Out 

Add our new SA98 to your line-up. We’re convinced we 
can catch your best curve. And do it in less time and in 
more detail than anyone else. Give us a try. 


Call Toll-Free Today 
1-800-824-9294 (U.S.) 
1-800-824-6706 (CA) 
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Multibus I 
computer-board 


directory 


System architecture, operating systems, soft- 
ware-development support, and product life- 
time all play a part in choosing a backplane 
bus for a computer system. If you choose the 
Multibus II, you can find computer boards 
for all the main functional areas—central 
processing, mass storage, communications, 
graphics, and industrial I/O—to ease your 
make-versus-buy decisions. 


Peter Harold, European Editor 


On the following pages we present EDN’s Multibus 
II computer-board directory—an up-to-date compen- 
dium of Multibus II board-level products that are cur- 
rently on the market or close to release. The directory 
is divided into nine sections—CPU, memory, periph- 
eral controller, communication controller, graphics, 
analog I/O, digital I/O, special function, and central 
services module (CSM) boards—and it provides suffi- 
cient information on each board’s functions for you to 
- decide which boards might suit your application. 
Multibus II boards generally provide more functions 
than do boards for the VME Bus, the Multibus II’s 
main competitor. Multibus II boards have more func- 
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tions not only because they’re approximately a third 
bigger than VME Bus boards (Multibus II uses an 
extended double-Eurocard board, whereas the VME 
Bus uses a standard double Eurocard), but also because 
most Multibus II boards have onboard intelligence in 
order to take full advantage of such features as mes- 
sage passing. In addition, because most Multibus II 
boards are recent designs, they benefit from the high- 
integration processor, memory, and peripheral devices 
currently supplied by semiconductor manufacturers. 
But if youw’re wondering why you should consider 
using the Multibus II instead of the VME Bus or some 
other IEEE-approved or de facto standard bus, take 
a look at the following case studies. The three compa- 
nies profiled below each chose the Multibus II for their 
systems; two of the companies have already imple- 
mented successful designs, and the third has committed 
itself to a long-term investment in Multibus II systems. 


Multibus IT flies high 

Singer Link-Miles Ltd (Lancing, UK) manufactures 
advanced training systems, including flight simulators 
for commercial and military aircraft. The simulators 
replicate the cockpit areas of particular aircraft, simu- 
lating all of the planes’ control and instrumentation 
systems. Both the feel of the controls and the response 
of the cockpit instrumentation are matched to those 
of the real aircraft, and computer-generated graphic 
images simulate forward-vision runway approaches. In 
addition, the entire cockpit assembly is mounted on a 
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Employing about forty 80286-based CPU 
cards, Singer Link-Miles’ flight simulator 
for the A300 Airbus contains one of the larg- 
est Multibus II computer systems yet con- 
structed. 


hydraulically controlled platform to simulate the pitch, 
roll, and yaw that a pilot would experience when actu- 
ally flying. 

During the 70s, Singer Link-Miles, like all other 
flight-simulator manufacturers, controlled its simula- 
tors with a 32-bit minicomputer or a small cluster of 
minicomputers that accessed shared memory. How- 
ever, according to David Parkinson, technical-develop- 
ment manager of Singer Link-Miles’ flight-simulation 
division, the increasing complexity of aircraft-control 
and -instrumentation systems and the increased fidel- 
ity required from simulators soon created an I/O- 
operations bottleneck in these systems. 

To maintain the real-time response essential for high- 
fidelity simulation, all the simulator’s main functional 
modules—for example, its flight-control and engine- 
management systems—must perform I/O operations, 
process data, and exchange information regarding their 
current status at least 30 times per second. In addition, 
many control systems must respond locally to the pi- 
lot’s actions at a much higher rate. 

In 1980, the company began to develop a new range 
of simulators that were based on microprocessor tech- 
nology, with distributed processing and a high degree 
of functional partitioning. Rather than sharing a single 
CPU resource among multiple tasks, the new simula- 
tors had a dedicated computer for each major simula- 
tion function—for example, they had separate comput- 
ers for flight, engine management, and so on. In addi- 
tion, the company designed the simulator as a modular 
system to make it easier to manufacture and maintain. 
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After looking at the bus standards available at the 
time and deciding none were suitable, Singer Link- 
Miles developed its own backplane bus and board set. 
This proprietary bus included a 32-bit multiplexed ad- 
dress/data bus with multimaster bus-arbitration capa- 
bilities and a 16-bit local bus for memory and I/O exten- 
sion. The bus also included special memory areas that 
were accessible via the 32-bit backplane bus, which 
you could use to interrogate the board to determine 
its type. In addition, the company developed a high- 
speed parallel global bus for intercrate communication. 

The computer boards were based on Intel pPs, 
largely because suitable software tools and floating- 
point coprocessors were available for these Ps in the 
early 80s. The boards had onboard microcontrollers to 
perform self-test and system-confidence checks. Inter- 
processor communication took place via dual-port mem- 
ory on the individual CPU cards. The computer boards 
were housed on extended double Eurocards with DIN- 
41612 connectors. With some pride, Parkinson points 
out that Singer Link-Miles’ proprietary bus already 
had many of the features that subsequently appeared 
in the Multibus II specification. 

In 1984, Singer Link-Miles adopted the Multibus II 
for new simulator designs, not only because it matched 
so well with the company’s proprietary bus, but also 
because it enabled the firm to buy some of the boards 
it required for the system instead of having to manufac- 
ture all the components itself. Currently, the company 
is able to buy suitable CPU, memory, peripheral- 
controller, and communications-controller cards, al- 
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though it still must design most of its specialized I/O 
cards. 

The latest Boeing-747 simulator from Singer Link- 
Miles illustrates how complex the company’s Multibus 
II systems are becoming. The Boeing-747 simulator 
contains approximately thirty-five 80386-based CPU 
boards and 200 I/O cards. Most of the I/O cards are 
intelligent subsystems in their own right, with mes- 
sage-passing coprocessor (MPC) interfaces to the Mul- 
tibus II iPSB and onboard wPs. 

The systems rely heavily on the Multibus II’s inter- 
connect space (the memory space on the iPSB allocated 
for board identification and configuration) and built-in 
self-test (BIST) functions. For example, the systems 
use the interconnect space extensively for system- 
configuration management and control. A service engi- 
neer can change a board (and often can even replace 
it with one from a different manufacturer) without hav- 
ing to alter jumper links or DIP-switch settings; when 
the system is initialized, it automatically polls all the 
boards to determine their type, manufacturer, and re- 
vision status. BIST functions run continuously during 
system operation, alerting the flight instructor to any 
system malfunctions and pinpointing the malfunctions 
on a particular area of a particular board. 

The company could have based its simulators on a 
VME Bus computer system, Parkinson says. In fact, 
the company’s US division has used VME Bus comput- 
ers in designing reduced-functionality training simula- 
tors. However, Parkinson notes, if the company had 
used the VME Bus, it would have had to graft on 
functions comparable to Multibus II’s BIST and inter- 
connect space, which would have increased the overall 
development time. 

Similar technical reasons caused McDonnell Douglas 
(St Louis, MO) to choose Multibus II computers to 
control its combat-aircraft simulators, according to sys- 
tems engineer Mike Chapin. Product lifetime was an- 
other important factor in the choice, he adds. The simu- 
lators must be able to support the aircraft until well 
into the 1990s and beyond, and, he says, the company 
just doesn’t believe that the VME Bus will be around 
15 years from now. Buses historically have lasted only 
10 to 15 years, and the VME Bus was already five 
years old when McDonnell Douglas started the project. 

Although Singer Link-Miles’s system requires the 
broadcast of global data among all its simulation func- 
tions 30 times per second, the system doesn’t use the 
Multibus II’s message-passing function for this pur- 
pose. The reason, Parkinson says, is that the library 
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Link-Miles’ A300 Airbus simulator illustrates the requirement for 
a high-speed parallel bus for intercrate communication. To do the 
job, the company had to develop a proprietary bus. 


of Fortran software modules from which much of the 
simulator software is built doesn’t support message 
passing, and at present the cost of modifying all these 
modules to support message passing is too high. As a 
result, the system performs interprocessor communica- 
tion via shared dual-port memory, as do the company’s 
older simulators. 

One of the few criticisms of the Multibus II that 
Parkinson cites is the initial lack of suitable operating 
systems that could support message passing. However, 
such operating systems are beginning to emerge on 
the market, and a new product, the ISO-TP4 Trans- 
porter, jointly developed by Digital Research Inc 
(Monterey, CA) and American Manufacturing Systems 
Inc (Maitland, FL) in cooperation with Intel, may make 
it easier for you to integrate message passing in the 
operating system of your choice. Working in conjunc- 
tion with an Intel MPC, the ISO-TP4 Transporter ap- 
plies the principles of the Open Systems Interconnec- 
tion (OSI) 7-layer communication model to the Multibus 
II architecture. The iPSB bus represents layer 1 (the 
physical layer) of the OSI model, the MPC handles the 
layer 2 (data link) and layer 3 (network) functions, and 
the ISO-TP4 Transporter provides layer 4 (transport) 
functions. 

By transmitting bus messages via the ISO-TP4 
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The Power to Serve. 
Whatever your application, 
high or low-end, Heurikon 

has the VME power to drive it. 
From UNIX™ to real-time. From 
satellite communications to 
oceanographic research. We 
can solve the problem. 


A New Dimension in 
Processors. Get into the fast 
lane with Heurikon’s 16 or 32- 
bit microcomputers. Your choice 
of 68000-68030 or NS32532. 
Single boards or systems. Off 
the shelf or customized. 

With unmatched support 

from day one. 

Potent Development 

Tools. Slash your develop- 
ment time. Choose from 
multiple networked or bus- 
based environments. Wind 
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River VxWorks™ and Heurikon 
BusLink™. SUN, VAX and other 
hosts. Plus solid in-house sup- 

port for UNIX V.3 and VRTX® 
or OS-9™ real-time operating 
systems ensures the integrity 
of your design. 


From high to low, power 
your application with VME 
from Heurikon. 

Call us today. 


1-800°356°960 


ext. #501 


Heurikon Corporation 
3201 Latham Dr., Madison, WI 53713 
_ TLX: 469532 FAX: 608-251-1076 


UNIX is a trademark of AT&T Bell Labora- 
tories, Inc. VxWorks is a trademark of Wind 
River Systems, Inc. BusLink is a trademark of 
Heurikon Corporation. VRTX is a registered 
trademark of Ready Systems, Inc. OS-9 is a 
trademark of Microware Systems Corporation. 
© 1988 Heurikon Corporation. 


Transporter, processes running on particular bus 
agents (processors) need specify little more than a des- 
tination address for the message and the message’s 
data content. The transporter drives the MPC by using 
Intel’s transport-protocol primitives to arbitrate for 
iPSB access and transmit the message. The result is 
that the Multibus II backplane appears to Multibus II 
agents as a local-area network, in which each agent is 
equivalent to a network node. 

In the second stage of the development of its ISO- 
TP4 Transporter, Digital Research plans to introduce 
a version that adds application transparency to the 
current version’s media transparency. (Application 
transparency means that the agents don’t have to know 
the physical addresses to which they must send mes- 
sages; media transparency indicates that the applica- 
tion programs don’t need specific knowledge of the 
mechanism by which one agent passes messages to 
another.) The upgraded version will enable bus agents 
to access devices by using a logical name, without re- 
quiring specific information about the device’s address 
in the Multibus II’s message-passing space. 

Although Digital Research offers the ISO-TP4 
Transporter primarily for use with its FlexOS real-time 
multitasking operating system—a FlexOS Multibus II 
driver pack, including the FlexOS operating system, 
a set of target-system drivers, and the ISO-TP4 Trans- 
porter (in loadable and linkable form) costs $1000—the 
company also supplies the transporter as fully docu- 
mented C-language source code so that you can inte- 
grate it in other operating systems. 


Multibus II facilitates factory automation 

AEG’s Automation Systems Div (Frankfurt, West 
Germany) chose the Multibus II for different reasons 
(Ref 1). When the company decided on an architecture 
for factory-automation systems, its primary desire was 
to adopt an open-system architecture. Such an architec- 
ture, the company believes, is the only type that allows 
you to modify a system’s functionality by adding or 
exchanging components from different manufacturers 
without having to change existing system components. 
Also, because an open system can readily accept new 
components, it’s easier to upgrade in the future to 
achieve state-of-the-art performance. 

AEGQ’s proposed system calls for distributed process- 
ing, in which tasks are executed by the processor most 
suited to the task. As a result, the system required a 
bus over which to perform context switching between 
processors. The company proposes that dedicated proc- 
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essors be used only for certain tasks—that is, for tasks 
with stringent real-time requirements, for the provi- 
sion of Unix user interfaces, for control of I/O opera- 
tions, for control of mass-storage peripherals, and for 
autonomous protocol handling on communications me- 
dia such as MAP, Proway-C, or Ethernet. Standard 
interfaces among these processors allow each processor 
to run the operating system that best suits it to its 
allocated task. 

In choosing a preferred 32-bit uP for the company’s 
factory-automation systems, AEG considered both the 
Motorola 68020 and the Intel 80386. However, the com- 
pany considers operating-system support to be far 
more significant than the pros and cons of a particular 
32-bit wP. As a result, it chose the 80386 because, for 
real-time applications, it preferred Intel’s iRMX-386 
operating system to Motorola’s VersaDOS. (AEG also 
has a cooperation agreement with Intel which it be- 
lieves will allow it to influence the further development 
of iRMX-386). The company then selected Unix as the 
preferred operating system for task areas that are not 
time-critical. 

Having chosen Intel processors and operating sys- 
tems, the company naturally chose the Multibus IT as 
the backplane bus standard because of its greater com- 
patibility with these products. The Multibus II’s 
greater bus bandwidth (40M bytes/sec) and message- 
passing capability were additional factors in the com- 
pany’s adopting the Multibus II instead of the VME 
Bus. 


Reference 


1. Klett, Rolf, Process computer with distributed intelli- 
gence and open system architecture, AEG, Frankfurt, West 
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TABLE 1—MULTIBUS II CPU BOARDS 


MICROPROCESSOR | DMA CONTROLLER ONBOARD MEMORY _ 
 . | ~ LOCAL RAM! DUAL-PORT RAM! 
: CLOCK NUMBER (BYTES) BYTES) 
MODEL 


MANUFACTURER TYPE SUPPLIED SUPPLIED 
CENTRALP 
AUTOMATISMES | 


ATH 
(MHz) | . MAXIMUM | MAXIMUM) 
a ue ee Se Ty ee 
FAB-286 80286 80287 2M DYNAMIC RAM 
64k STATIC RAM 


ECKELMANN 


HEURIKON HK68-M220 | 68020 | 1 25, 16.7, CUSTOM $885 — ee 
: 20 68882 


ery ere i rr lLrS | rE 


Mipeen ieee ee Sees | ttiwitwtiCi(‘(C(R.C NA. CU i‘(‘YCO 


| OSM-B37_ ‘| 80386 80387, 2M 
WTL1167 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 


NOTES: 1. INCLUDES PIGGYBACK MEMORY THAT ALLOWS THE BOARD TO FIT IN A SINGLE SLOT UNLESS OTHERWISE STATED. 
2. ALL BOARDS SURVEYED SUPPORT MESSAGE-PASSING INTERCONNECT SPACE, BUILT-IN SELF-TEST, AND THE INTEL TRANSPORT PROTOCOL ExX- 
CEPT RAUT-286 AND RAUT-386-28—NO BIST SUPPORT; RAUT-286, RAUT-386-28, AND EM-CPU01—NO INTEL TRANSPORT PROTOCOL SUPPORT 
(ALTHOUGH IT COULD BE ADDED WITH SUITABLE SOFTWARE ROUTINES). 
3. OME STANDS FOR ONBOARD MODULE EXPANSION. | 


TABLE 2—MULTIBUS II MEMORY BOARDS 


BUS CYCLES REQUIRED 
TO ACCESS MEMORY 


MEMORY CAPACITY MEMORY DATA-TRANSFER WIDTHS 

(BYTES) PORTS SUPPORTED! 

a NUMBER MAX CLOCK 
MEMORY OF FREQUENCY 
MANUFACTURER MODEL TYPE SUPPLIED iLBX-ll | 8-BIT | 16-BIT | 24-BIT | 32-BIT | CYCLES (MHz) — 
BUBEL-TEC MY [BUBBLE |__| Stax ment = | [| + | — | -_ 


-310: 
-312: 512k 
-320: 2M 
-340: 4M 


“6 AT 
ZERO-WAIT-STATE ON 
iLBX-II 


-312: 512k 
-320: 2M 
-340: 4M 


ZERO-WAIT-STATE ON 
iLBX-Il 


SIEMENS OSM-B130 28-PIN JEDEC | 1M BYTES IN ° ° ° ° ° ° MEMORY DEPENDENT 
ROM OR RAM 16 SITES - 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 


_ NOTES: 1. NO BOARDS SURVEYED SUPPORT BURST-MODE DATA TRANSFERS. 
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BACKPLANE/EXPANSION 1/0 INTERFACES 
INSTALL- INTERFACES 


ABLE MULTIBUS II SERIAL PARAL- OPERATING 
EPROM OTHER; W/O /LELI/O OTHER SYSTEMS 
(BYTES) |iPSB |iLBX-Il iSBX BUSES | PORTS | LINES | INTERFACES SUPPORTED COMMENTS — 


1 BITBUS, LAC,| iRMX-1, iRMX-2 $4000 REAL-TIME CLOCK AND STATIC RAM © 
OR ETHER- | WITH BATTERY BACKUP; ONBOARD 
NET OPTIONS |CSM FUNCTIONS. | 
8 32-PIN 4 iIRMX-1, iRMX-2 $5000 STATIC RAM WITH BATTERY BACK- 
SOCKETS _ __ |UP; ONBOARD CSM FUNCTIONS. 


SASS SAR ARENAS SONS een eine ee ea ene SRaen neu na O ARS onan SER E R SOS OSCE ROTORS ETO TORS: SMD RAMBO AAMC SEC I NSN TSS OS ae Er 


UNIX V.3, VATS-32, REAL-TIME CLOCK AND 128k-BYTE 
O$-9, VxWORKS STATIC RAM WITH BATTERY BACKUP. 


[sok [= [ [if | 2 | | s0si_| UNKVATx | $9900 $6450 [BUILT-IN MONITOR FIRMWARE. 


RMOS-2 


_ SCSI, RMOS-2 DM 4950 ee 
CENTRONICS| - 
ENTRONICS,| UNIX, MS-DOS DM 8776 IBM PC/AT COMPATIBLE. _ 
KEYBOARD 
SCSI UNIX, RMOS-2, DM 9970 AVAILABLE WITH A 64k-BYTE OR ~ 
RMOS-286 256k-BYTE ONBOARD CACHE. 


IX V.3 
VR 


MULTIBUS II FUNCTIONS MEMORY 
_ICONFIGURATION 
VIA iPSB 


ERROR INTER- [BUILT-IN 
DETECTION/ MESSAGE|CONNECT| SELF | INTERCONNECT 
CORRECTION PASSING| SPACE | TEST | _ SPACE 


- COMMENTS 


~ ~$2400 TO 
~ $7000 
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TABLE 3—MULTIBUS ll PERIPHERAL-CONTROLLER BOARDS © 


| MAXIMUM DATA: MAXIMUM DATA- 
ONES UTP Onren TO OR FROM |TRANSFER RATE| 
INTERFACE | PERIPHERAL | TOORFROM | __ ERROR. 
STANDARDS| DEVICES — MULTIBUS Il | PROTECTION/ 
MANUFACTURER SUPPORTED| (BYTES/SEC) | (BYTES/SEC) | CORRECTION 


CENTRAL DATA 


ST506/412 
_ FLOPPY-DISK, FLOPPY TAPE SA450/460 
TAPE-STREAMER STREAMER QIC-02 
CONTROLLER | 


TADPOLE TPDSCM DUAL SCSIBUS | SCSI _ | 14 PERIPHERAL SCSI 4M 40M PARITY 


TECHNOLOGY CONTROLLER _|  ADAPIERS 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 


SYNCHRONOUS/ASYNCHRONOUS ~ 
CHANNELS. 


MANUFACTURER 


DESCRIPTION 


HDLC, SDLC, 
BISYNC 


~ CONCURRENT 
_ TECHNOLOGIES - 


TERMINAL 
CONTROLLER 


CC-186-016 


CC-386-008 


HDLC, SDLC.| 


SERIAL 1/0 | 


CONTROLLER’ 


MICRO MIBII-186-151 SERIAL 1/0 
INDUSTRIES CONTROLLER 


MIBII-186-152B SERIAL I/O 
CONTROLLER 


MIBII-186-153B MIL-STD-15538 
U 
: CONTROLLER 


MIBII-186-157A| SERIAL 1/0 
CONTROLLER 


MIBII-186-158 ETHERNET 

_ CONTROLLER 
_TMIBII-186-158B| MULTIBUS Il 
_INTERCRATE 
OMMUNICATION 


CONTROLLER 


MIBII-186-160 | CSM/SERIAL I/O 
CONTROLLER 


SYSTECH HPS-6850 |HOSTADAPTER| SEE | SEE | 384k UNIX 7 
FOR CLUSTER | COM. COM- SYSTEM V 
CONTROLLERS | MENT | MENT TTY LINE 


DISCIPLINE 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 
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BUS PORTS 
BUS PORTS PORTS 


Aa iLBX-II 


ONBOARD 
RAM (BYTES) 


NUMBER OF 


TABLE 5—MULTIBUS II GRAPHICS BOARDS 
SIMUL- 


MAXIMUM SCREEN 
RESOLUTION 
TANEOUSLY 
REFRESH | BITS | DISPLAY- 


RATE ABLE 
(Hz) 


GRAPHICS 


PIXELS, MODE,! LOCAL PORT 


MANUFACTURER | MODEL 

= UTOMATISMES. 
CODIS 
COMPUTER 


1024 x 768, 


_ SYSTEMS =i. ae + r 
“MICRO _—_| MiBi-186- | 640x480, .N, 60 4 16 4096 | 82720 512k | VIA 80186 
INDUSTRIES 170 82720 


a : on ae 


“RASTER | RG-500 | 1024x768. 7 256 4096 |  TMS34010 1M. | VIA | “256k. 
GRAPHICS 30410 1M 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION 


NOTES: 1. | = INTERLACED, N = NONINTERLACED. 


TABLE 6—MULTIBUS II ANALOG I/O BOARDS 


ANALOG INPUT CHANNELS ANALOG OUTPUT CHANNELS 


| SAMPLING RATE | cae 
"Se seme 
MABLE 
GAIN a, gureneo OUTPUT 
AMPLIFIER? Bdenbede CHANNELS |NUMBER| UTION | RANGES 


A/D 
: SINGLE |DIFFER- |RESOL- INPUT 
MANUFACTURER MODEL ENDED | ENTIAL | UTION RANGES 


SETTLING 
TIME 


CONCURRENT 1 Ar sea 080 40 12 10, 10V, SPGA | 80 kHz | 40 kHz 
TECHNOLOGIES 
CS Ra ee ee as 
betel eens 


od 
coor 2 008 NS 


"DATA _ / 
_ “TRANSLATION : ae 


eee. nnn eon ooo SS es — i i —_—_— 
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GRAPHICS 
LANGUAGES 
SUPPORTED 


OUTPUTS COMMENTS 


DM 15,000 | COUPLES TO A CPU BOARD VIA THE iLBX-ll 
BUS TO PROVIDE A GRAPHICS SUBSYSTEM 
WITH INTERFACES FOR DIGITIZER, MOUSE, 
AND KEYBOARD. 


S-343 RGB a DOUBLE-BUFFERED 640 x 480 x 4-BIT PIXELS, 
QUAD BUFFERED 512x512x4-BIT PIXELS. 
SERIAL-PORT AND FOUR 28-PIN JEDEC 
MEMORY SITES. 


"OKS (SUPERSET OF 
ee 


SOMMANDS 
>ERSET OF 


-OKS (SU 
_ Sees 


ISOLATION 
BETWEEN | 
ANALOG 1/0| _ 
| AND 
MULTIBUS II|IONBOARD 
GROUND uP 


$2300 |INTERFACES VIA THE cCBXxX 
EXPANSION BUS. 
$3200 |cCBX INTERFACE AND TWO SERIAL 
/O PORTS. 
$2950 | 48 DIGITAL I/O LINES AND TWO 
SERIAL PORTS. 
-016: $1950] INTERFACES VIA THE cCBX 
-030: $2300| EXPANSION BUS. 


$3200 |cCBX INTERFACE AND TWO SERIAL 
VO PORTS. 
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BETWEEN 
/ ANALOG 1/0} 
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]ONBOARD | ~—~—SMULTIBUS) 
RAM (BYTES)| FUNCTIONS SUPPORTED —_—«| CONFIG. 


URATION OPERATING 
VIA SYSTEMS 
INTER- ee ween 


“MULTIBUS II 


: , | conric- | OPERATING 
_FUNCTIONS. ccnatblilaana ae - ATION SYSTEMS 


VIA FOR WHICH 


INTERFACES VIA cC BX BUS 


cCBX eat, BUS AND TWO RS-232C 


OPTIONAL CSM. FUNCTIONS; ‘CDI-32 
COMPANION BOARD ACCOMMODATES 
ISOLATION AND Signa One ONne 


£953.25. |HAS MULTIBUS II iPSB INTERFACE, 8751 MICROCONTF 3 
SPACE AND BIST FUNCTIONS, AND A SOCKET FOR A VL620389 MPC: USER-DEFINED 


 §. MICROCONTROLLER W/O PORTS; FOUR VOLTAGE PLANES AND SMD DECOUPLING FINED rons 
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TABLE 8—MULTIBUS II SPECIAL-FUNCTION BOARDS (Continued) 


MULTIBUS II FUNCTIONS SUPPORTED 


INTERCONNECT, BUILT-IN |INTEL TRANSPORT 
_ SPACE SELF TEST PROTOCOL 


ONBOARD 
pP 


MANUFACTURER 


CENTRALP 
AUTOMATISMES 


2-AXIS DC SERVOMOTOR CONTROLLER 


VIDEO DATA-ACQUISITION BOARD 


ECKELMANN 


GET 10054501 
ENGINEERING 

PLANNING PSBA-100 PARALLEL SYSTEM BUS ANALYZER 80186 Ee 
RESEARCH 


NTDS (MIL-STD-1397) 
INTERFACE ADAPTER 


TRANS- | 


| §402C-1. | 2SPEED SYNCHRO/RESOLVER INPUT 
MAGNETICS 
5402C-6  |2-CHANNEL SYNCHRO/RESOLVER OUTPUT 
|AND SINGLE SYNCHRO/RESOLVER INPUT 


5402C-9 -3-CHANNEL 60-Hz SYNCHRO INPUT 


5402C-12 2-CHANNEL, 2-SPEED SYNCHRO/ 
tL RESOLVER INPUT 
54020C-14 | 3-CHANNEL SYNCHRO/RSOLVER OUTPUT ee 


2-SPEED SYNCHRO/RESOLVER OUTPUT 
3-CHANNEL SYNCHRO/RESOLVER INPUT 
5402C-19-1 5-VA SYNCHRO OUTPUT WITH 
WRAPAROUND SELF TEST 
5402C-22 3-CHANNEL RESOLVER INPUT WITH 
: TURN COUNTERS 
5402C-23_ | 2-CHANNEL SYNCHRO/RESOLVER INPUT 


AND SINGLE-CHANNEL SYNCHRO/ 
RESOLVER OUTPUT 


5402C-25 QUAD D/A OUTPUT 
4020-26 | 2-CHANNEL SYNCHRO/RESOLVER INPUT 
WITH 1.2-VA REFERENCE 


5402C-11REF 5-VA REFERENCE SUPPLY : -- — — ae 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 
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TABLE 9—MULTIBUS II CENTRAL SERVICES MODULES 


MULTIBUS Il FUNCTIONS SUPPORTED 


CONFIG- 
BUILT-IN INTEL VIA INTER-|OPERATING SYSTEMS 


MESSAGE |CONNECT| SELF |TRANSPORT| CONNECT | FOR WHICH DRIVERS 
PASSING =o ARE AVAILABLE 
RENAULT 


AUTOMATION hee (eo 


$995 INTERFACE FOR A “MULTIBUS | 
CHASSIS. 
MICROBAR a |__| — ee 


SYSTEMS S ma: [MOUNTS ON FEAR OF 


MANUFACTURER MODEL 
GEOMELEC/ 


PRICE COMMENTS 


UNIX, gern: % 


$3000 80C186 uP, REAL-TIME CLOCK, 
CENTRONICS PORT, EIGHT 
ASYNCHRONOUS AND TWO 
SYNCHRONOUS/ASYNCHRO- 
NOUS SERIAL I/O PORTS, AND 
TWO 28-PIN JEDEC MEMORY 


SITES 


MT- hee — ee _ So 


~ MICRO foe 186- es 
INDUSTRIES 


SIEMENS can BS00-Al | _ 


UNIX 


INCLUDES REAL-TIM 
'|RESET, AND TIME-OU 
- |DETECTION. - 


coon 05 MOUNTS ON REAR OF BACK 
MCSMA: $450|PLANE: ADJUSTABLE LOW. 


MCSMA 
VOLTAGE SENSING OF 5V 


SUPPLY; FACTORY SETTABLE 
ID ASSIGNMENT TABLE; OUT- 
PUT CONNECTIONS FOR LEDs; 
JUMPER-CONFIGURED COLD/ 
WARM START AND TIMEOUT 
ENABLE/DISABLE. MCSMA: = 
MCSM PLUS ADJUSTABLE AC 
POWER FAIL/LOW VOLTAGE 
MONITOR. 


MCSMT, $500 MCSMT: = MCSM PLUS REAL- 
MCSMAT $550 TIME CLOCK. MCSMAT: = 
x MCSMA PLUS REAL-TIME 
: CLOCK. 


— = PARAMETERS UNSPECIFIED OR UNCLEAR AT TIME OF PUBLICATION. 
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NOW 
SERVING 


supports the 68030 
with 25 MHz emulation. 


Step right 
up to the 


-MicroCASE 


its instrumentation chassis, so 
you can get compiled code to its 


instructions actually execute, and 
which bus cycles relate to those 


MicroCASE 68030 instructions. target via Ethernet, VAXNet, SUNNet, 
PROBE™ In-Circuit Emulator. The And by merely changing the SCSI or RS-232. Whether you. 
first, the fastest, the best 68030 probe tip, the 68030 PROBE also compile on a PC, a workstation 
support of its kind. supports the 68020. or VAX,* MicroCASE supports more 
The 68030 PROBE incorporates ‘True source-level debugging object code formats than any 
the same unique features as our The 68030 PROBE provides other vendor. 


highly successful 68020 PROBE™ 
— the debugging tool chosen by 
hardware and software engineers in 
a wide variety of leading high tech- 
nology equipment manufacturers 


No need to wait any longer. Real- 
time emulation and dequeueing 
for the 68030 and 68020 are avail- 
able now. From the number one 
supplier of hardware-assisted soft- 


on-line debugging of high-level 
language software. Real source 

statements are displayed, elimi- 
nating lengthy translations from 


assembly language to your high- 
world-wide. level language. ware debuggers for the 68000 series. 
Pre-fetch pipeline dequeueing = PROBE uti- , : The Atron Division of MicroCASE. 
The 68030 PROBE provides in- _lizes an IBM* If you'd like more information, 


circuit emulation— at speeds up 
to 25 MHz. PROBE also features 


or a short product demonstration, 
wae call us today at 408-253-5933. 


pre-fetch pipeline dequeueing, Or circle the number on the 
0 it’s easy to figure out which reader service card. 
68020 PROBE and 68030 PROBE are trademarks Saratoga Office Center 


of the Atron Division of MicroCASE. VAX is a 
registered trademark of Digital Equipment 
Corporation. IBM is a registered trademark of 
International Business Machines. 


408-253-5933 


r~—- 12950 Saratoga Avenue 
Saratoga, CA 95070 


In the United Kingdom, call Instrumatic U.K. Ltd. — (44) 62844426. In France, call Tekelec— (33) 145347535. In Germany, call Instrumatic Electronik— (49) 89858020. 
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Total Contract 
Electronic 


Manufacturing 
Has A New 


PHILIPS & 


a cere renner! 


H 2 Sse Ss : 
PEAT T TTT T TTT | 


You’ve known us for years as Mepco/ 
Centralab Circuit Systems, North American 
>hilips SMD® Technology Center, and Inter- 
sonics — building networks, custom printed 
sircuits and ceramic hybrid circuits, and pro- 
viding surface-mount, through-hole and 
mixed-technology assembly services. 

Now, we've joined together as a fast-growing 
division of North American Philips Corporation: 


Philips Circuit Assemblies 
It's easy to-say. And it says a lot. 

Philips Circuit Assemblies offers America’s 
broadest range of contract electronic 
manufacturing and packaging capabilities — 
to help reduce the time to bring your products 
to market. Immediate services available to you 
are: computer aided design, engineering, 


worldwide purchasing, manufacturing 
assembly and test. Philips’ capital investments, 
production efficiencies and world class quali- 
ty will meet all of your requirements. 


Broad-line Assembly 
Technologies 

Philips Circuit Assemblies can meet your 
technology needs from commercial to high- 
reliability military applications. Capabilities in- 
clude through-hole and surface-mount circuit 
assembly, surface-mount ceramic assembly, 
as well as chip-and-wire assembly and custom 
networks. Computer-controlled automatic 
placement machines, plus infrared and vapor- 
phase reflow systems and state-of-the-art 
wave soldering, provide optimum manufactur- 
ing flexibility and efficiency. 


State-of-the-art 

Materials Management 

Philips Circuit Assemblies achieves planned 
throughput and meets critical JIT delivery 
schedules by using a proven MRPII (Manufac- 
turing Resource Planning) program. This pro- 
vides total material control and tracking 
through the entire manufacturing process. 


Engineering Support 

The Philips Circuit Assemblies engineering 
team can work with you from the outset of 
your project to answer key questions about 
layout, placement and testing. We optimize 
your designs for peak manufacturing efficiency 
and performance. And provide size reductions 
at the lowest cost. 


Quality Control 

The Total Quality Control (TQC) program at 
Philips Circuit Assemblies is based on building 
products right the first time. All employees 
receive ongoing training aimed at developing 
their skills to meet Philips’ high standards of 
quality workmanship. 

In addition, SPC (Statistical Process Control) 
systems monitor, plot and analyze trends in 
manufacturing variables to prevent problems 
before they occur. 


Full-service Test and Repair 
Philips Circuit Assemblies performs in-circuit, 
functional, burn-in and stress testing. Custom- 
designed hardware/software are provided 
through our experienced test engineers. Test 
engineers and technicians offer worst-case 
analysis and recommendations for improving 
circuit performance. 

At the 26,000 square-foot Custom Repair 
Center, electronic and electromechanical 
diagnostic and repair functions are per- 
formed on in-warranty, out-of-warranty and 
third-party circuit card assemblies or finished 
products. 


Flexible Automated 
Assembly Systems 


Through Philips Circuit Assemblies you can 
upgrade your own assembly line with re- 
nowned Philips MCM Modular Placement 
Systems. Philips Placement Systems are the 
world’s standard for flexible, cost-effective 
automation of SMT circuit assembly. 


Far East SMT Production 


In Singapore, Philips Circuit Assemblies’ sister 
company, SMT Circuit Assembly, provides 
contract assembly services and leading-edge 
technology to support your manufacturing 
operations in the Pacific Basin. 


Worldwide Components 
Purchasing 

The international procurement leverage of 
Philips assures you greater economy and 
availability of materials from established sup- 
pliers around the world. 

Nothing even comes close to the total elec- 
tronic manufacturing services from Philips 
Circuit Assemblies. To put Philips Circuit 
Assemblies to work for you, call 1-800- 
522-7752 (in Wisconsin, 414/785-6359). To 
receive our Capabilities Catalog, write to: 
Philips Circuit Assemblies, Corporate Adver- 
tising, 2001 W. Blue Heron Blvd., P.O. Box 
10330, Riviera Beach, FL 33404. 


PHILIPS CIRCUIT ASSEMBLIES 


SMD® is a service mark of North American Philips Corporation 
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-V40 PROCESSOR 
RUNS AT 7.4 MHz 


-8088 CODE COMPATIBLE 
‘ALL CMOS 


-64K BATTERY-BACKED 
RAM 


128K EPROM 


* TWO RS-232/RS-485 
LINES 


¢ THREE 8-BIT PARALLEL 
PORTS 


¢ BATTERY-BACKED 
CLOCK-CALENDAR 


°SBX CONNECTOR 


-8-BIT, 8-CHANNEL 
A/D CONVERTER 


*DEBUG FIRMWARE 
LINKS TO PC 


& 
ef ¢ 
nee 


Cubit's Model 8400 
CPU Board - $490 


STD Bus 

is packed 
with power, 
simple to use 
and costs less 
than VME 
or Multibus. 


Please call or write for our 
full catalog. 


CuBIT ts 
Al INDUSTHIES 
190 South Whisman Road 


Mountain View, CA 94041-1577 
Telephone: (415) 962-8237 


Multibus® is a registered trademark of Intel Corp. 
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Design Feature 


Use power FETs 
to design ac-line 
power choppers 


Simple drive circuitry, high-frequency capa- 
bility, and ease of parallel operation make 
power FET’ an excellent choice for use in 
power-line controllers. You can use power 
FETs to design the power circuitry of a 29- 
kHz switching controller that can handle 
10A from the 110V ac mains over the full 
0 to L10V range. 


Tom Visel, VLSI Technology Inc 


FET power controllers for use with the ac mains are 
capable of producing either variable dc voltages or ac 
power of variable voltage or frequency. To design 
power controllers (or choppers) that function correctly, 
you must examine several key factors, some of which 
are interrelated. For example, you must consider FET- 
device selection, the choice of a gate driver for driving 
high capacitance, magnetics design and selection, input 
and output filtering, device paralleling, and the method 
of control modulation and isolation. 

You can use power FETs to design the power cir- 
cuitry of a 29-kHz switching controller that is capable 
of handling 10A from the 110V ac mains. Because the 
frequency niche for power FETs used in switching 
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circuits is usually well above 100 kHz, you could argue 
that a controller working at only 29 kHz might be 
better served by bipolar transistors. After all, design- 
ers routinely use bipolar transistors at switching fre- 
quencies of 80 kHz and higher. The duty cycle, how- 
ever, changes the ground rules. Most power switching 
circuits have duty cycles in the 40 to 60% range. The 
switching-controller design presented here allows duty 
cycles to range from 0 to 100%. If the duty cycle is 
controlled by a 7-bit divider, for example, the inductor 
circuit could have significant frequency content in the 
3.5-MHz range. 

It’s worth noting that the rather odd switching fre- 
quency of 29 kHz was chosen not for its intrinsic value 
to the design, but because we had a large stock of 
29-kHz oscillator modules on hand. You can adjust the 
circuit values to accommodate other frequencies that 
are reasonably close (within + 10%) to 29 kHz. 


Analyzing the power chopper 

Most power-controller designs work on the basis of 
a chopper, a circuit configuration that “chops” an ana- 
log signal or de supply into small units of time. The 
chopper acts as a single-throw or double-throw switch 
to turn the signal (or power supply) on and off for 
short intervals (Fig 1). By varying the on-to-off ratio 
and integrating the output, you can vary the dc level 
at the output. 

A power chopper is a variation of a basic chopper 
circuit that’s used to obtain de output voltages that 
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The value of a power chopper 1s that tt lets 
you vary the output voltage without incur- 
ring losses caused by resistive elements. 


are a fixed or varying fraction of the supply voltage. 
A chopper is valuable because it lets you vary the 
output voltage, yet lose little power to circuit resis- 
tance. The switches (transistors) used in a chopper 
circuit are either fully closed or fully open. Fig 2 shows 
the typical waveforms of a power chopper. You can 
use a chopper to obtain a de voltage that is smoothly 
variable from 0 to 110V, or to create an ac voltage 
that varies from 0 to 110V rms at 60 or 400 Hz. Al- 
though the chopper’s power circuit may not be much 
different in these two applications, the control circuitry 
that modulates the on/off ratio is significantly different. 

For a de-output chopper, the load should ideally see 
a pure dc level; any variations caused by voltage or 
current spikes are undesirable. You can either filter 
out any variations caused by the chopping action or 
use the variations to transfer energy from the power 
source to the load. You can use a switching capacitor 
or switching inductor for the latter purpose. Low- 
power choppers frequently use a capacitor for energy 
transfer. Because circuits that include capacitors en- 
counter losses, high-power choppers must use in- 
ductors to transfer power-supply energy to the load. 
Inductors can transfer 100 to 200V at 10 to 20A and 
are less expensive than any equivalent capacitor 
configuration. 

You should view the inductor in a power chopper 
aS an energy storage and transfer device, not as a filter. 
If the inductor were merely a filter, you could remove 
it and the circuit would still function, albeit with noise. 
Actually, most chopper and power-supply designs use 
several inductors—one in the switching circuit for en- 
ergy storage, and one in the power-input and -output 
circuits for filtering—and their design is quite differ- 
ent. The voltage swings in the energy-storage inductor 
can easily range to the full supply voltage and beyond. 
The filter inductors only see voltage swings whose 
magnitude is that of the residual ripple voltage, and 
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Fig 1—The basic chopper circuit includes a switching element 
whose on-off ratio is controlled by the action of a pulse-width modu- 
lator. ) 


192 


Fig 2—By varying the duty cycle of a pulse-width modulator, you 


DUTY CYCLE = 1:3 


_ OUTPUT OF _. . 


_— OUIPUTFIIER 


Vout (FROM FILTER) = Vs/3 


can regulate a chopper circuit’s output voltage. These waveforms 
are typical chopper waveforms for a 1:3 duty cycle. 


their inductance may be only a tenth of the storage 
inductance. 


Establish the design parameters 

When designing a power converter, you must first 
establish the converter’s operating characteristics. For 
the power circuitry of the 29-kHz switching controller, 
these characteristics are: : 

® Output-voltage range: 0 to 110V de. 

@ Output-current range: 0 to 8A (average), 10A 
(peak). Assume there will be a resistive load, 
but a no-load condition is possible. The load cur- 
rent requirements are proportional to the output 
voltage. 

@ Output ripple: 0.5V (peak) at maximum output 
voltage. 

@ The control method must provide an output volt- 
age that is proportional (within a 20% linearity 
error) to the width of the controlling pulse in 
open-loop mode. 

e The circuit must operate at full current at any 
output voltage. 

@ The efficiency should be 85% min. 

You should also be able to connect several of the 
circuits in parallel, and the circuit should be capable 
of providing 110V rms, 60-Hz ac power output from 
the de supply with few changes to the power circuitry. 

These requirements, which are some of the worst 
possible combinations, are moderately difficult to ful- 
fill. As a rule, you can expect any change of load cur- 
rent to have a significant effect on the output voltage. 
Moreover, because of the requirement for 110V ac out- 
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Fig 3—The output voltage of this 2-switch power-chopper circuit 
can vary only between the supply limits and ground, and the circuit 
doesn’t require snubbers. 


put power, a bipolar output is necessary, and the cir- 
cuit might require a significant change to the gate- 
drive logic to generate the proper waveforms. 


Choose the circuit configuration 

Once you’ve decided on the design requirements, 
you need to choose the circuit configuration. You can 
choose a single-ended positive or negative converter 
or a 2-switch power chopper. The single-ended positive 
or negative converter is an excellent choice for fixed- 
output-voltage applications or applications in which 
only a small adjustment range is acceptable. Many of 
the 29-kHz switching controller’s requirements, how- 
ever, dictate that a single-ended converter is not a 
good choice for that application. For example, in single- 


ended converters, the output voltage is heavily de-. 


pendent upon the load current, and it needs analog 
feedback to achieve stability. In other words, it can’t 
handle wide output load variations. 

In both the positive and the negative single-ended 
converter, the single active device charges the induc- 
tor, which then discharges into the load via a diode. 
The diode, which has both forward-drop and I2R losses, 
must be capable of carrying the full load current. The 
diode must also have a fast reverse-recovery time, on 
the order of 50 to 100 nsec, to fully catch the inductive 
flyback voltage when the switch opens. Because diodes 
are not perfect, you must sometimes connect an RC 
snubber across the switch or the inductor to catch the 
initial edge of the flyback voltage. For the 29-kHz 
switching converter’s design requirements, a typical 
snubber could dissipate as much as 15W of power—an 
additional reason to use a different circuit configuration 
than the single-ended type. 
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The 2-switch power chopper (Fig 3) is the configura- 
tion of choice. Its advantages include: 
e@ Inherent stability—the output voltage is roughly 
proportional to the input pulse width. 
e High efficiency—the circuit doesn’t need high- 
speed catch diodes or snubbers. 
e The circuit is forgiving of variations in the en- 
ergy-storage inductor. : 
e Bipolar output voltages are possible. 
@ You can add feedback to the circuit for op-amp- 
like operation. 
The 2-switch chopper does have some disadvantages, 
though: It requires a heat sink for the second transis- 
tor, an additional power device, and more-complex 
drive logic. 


Preliminary design considerations 

The preliminary design of the 2-chip power chopper 
includes only the essential design sequence. The design 
assumes that the chopper will operate directly from 
the ac mains, and its output is a voltage that varies 
in the positive direction relative to ground. You can, 
however, wire the same circuit for a negative output 
relative to ground. 

Fig 4’s circuits rectify the ac mains to produce a 
nominal 150V dc output. Fig 4a’s circuit operates from 


Co 
3000 pF 


NEUTRAL QO 200 WVDC 


FILTERS: 


3000 pF 
200 WVDC 


NEUTRAL O 


Fig 4—You can configure the power-input stage for use with single- 
phase 220V ac lines (a) or 3-phase 208V ac lines (6). 
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The 2-switch power chopper offers several 
advantages, including inherent stability 
and the elimination of high-speed catch 


atodes. 


a 220V single-phase ac supply; Fig 4b’s circuit operates 
from a 3-phase 208V ac line. Both circuits feature full- 
wave rectification. The circuits’ output can be either 
a relatively pure dc level, or simply rectified ac, de- 
pending upon the size of the filter capacitor (Co). If 
rectified ac is acceptable, Co must be just large enough 
for noise-suppression purposes. At the power levels 
in question, capacitor current becomes a significant 
issue. The capacitor’s reactance (at 120 Hz) and its 
equivalent series resistance (ESR) determine the 
amount of this current, which can be as much as 10A. 
If 20V p-p ac ripple is permissible, for example, Co 
must dissipate 50W or more. 

At these power levels, it’s best to make the ac input 
filters an inductor-based design. The circuit should not 
permit the switching currents to get back to the ac 
mains. You can choose from a number of commercially 
available filters, or you can do a piecemeal design. You 
can use a traditional LC resonance approach to this 
design or, alternatively, you can use these equations: 


EK = L(di/dt), L= E(dt/di) (1) 
I=C(dv/dt), C = I(dt/dv) (2) 


In this way, the back-reflected input ripple (permitted 
by C2) drops across the filter inductor. The supply side 
of the filter then requires that you connect one or 
more capacitors to ground. These capacitors must be 
capable of absorbing the ripple-current variation, the 


di factor in Eq 1. Although the capacitors will be elec- 
trically small, they must have very low ESR. The E 
of Eq 1 becomes the dv of Eq 2. 

This design method actually produces a good ap- 
proximation of the filter design. In the final design, 
you may need to use both a multistage filter and good 
layout practice. You can design and breadboard the 
chopper with a minimal filter, and then tweak the val- 
ues under actual operating conditions after the bread- 
board is completed. A good 100-MHz scope is essential 
to the final evaluation. 

The basic circuit of the power chopper (Figs 5 and 
6) is derived from Fig 3’s circuit. Switches S; and So 
in Fig 3 are replaced in Figs 5 and 6 by power FETs 
chosen from International Rectifier’s (E] Segundo, CA) 
Hexfet Series. | 

Fig 5 shows two variations of the basic circuit. Fig 
oa’s circuit uses complementary n- and p-channel 
power FETs. Because of its simpler gate drive, this 
type of circuit would normally be preferred for this 
application. However, the best voltage and current 
ratings are found in n-channel devices. The die area 
of an equivalent p-channel device is normally several 
times that of the n-channel unit. The gate-source ca- 
pacitance is also generally higher for a p-channel de- 
vice. Moreover, in the higher voltage ratings, a p- 
channel version capable of handling high currents is 
often not available. For these reasons, Fig 5b’s circuit 
is a better choice. 

In Fig 5b, inductor Ly, is the energy-storage induc- 


Fig 5—The output stage of a power chopper can be a complementary n- and p-channel circuit (a) or a straight n-channel circuit (6). 
Because of simpler gate-drive considerations, the complementary circuit is normally the preferred version. 
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tor. In a mechanical analogy, the inductor would be a 
spring, and capacitors C3 and C,4 would act as shock 
absorbers. As Q; and Qe drive point A up and down, 
Vour at point B will stabilize at some average voltage. 
The actual voltage is approximately equal to the supply 
voltage times the duty cycle of the waveform at the 
gate of Q}. 

The gate-source capacitance (Cggs or Cigg) of a power 
FET can easily reach 3000 to 5000 pF, the result of 
multiple paralleled FET sites within the device. Al- 
though they don’t have stored charge per se, as bipolar 
transistors do, the FETs’ gate-source capacitance pre- 
sents an equivalent problem. This large capacitance 
must be charged and discharged past the switching 
point of the composite transistor before the device can 
turn fully on. To achieve the requisite fast rise times 
in the power FETs, the driver must supply several 
amperes of gate current during the leading or trailing 
edges of the drive waveform. 

The gates of Q; and Qe are driven by complementary 
15V signals. The timing of these signals ensures that 
only one of the power FETs is on at a time. In the 
final circuit, the leading or trailing edges of the gate- 
drive signals are altered to prevent C,,, capacitance 
from causing simultaneous device conduction. Besides 
being complementary, the drive signals must also be 
floating with respect to each other. In Fig 5b, the drive 
for Qo is referenced to ground, and the drive for Q, is 
referenced to point A. _ 

To provide the high current needed to charge the 
3000-pF gates of the power FETs, you'll need about 
12 to 15V of drive voltage. Drivers with passive (resis- 
tor) pullups are too slow to consider. The options are: 

e A totem-pole, high-current bipolar pair 

@ Paralleled CMOS gate outputs 

e A complementary power-FET pair 

e A CMOS memory driver, such as National’s 

DS0026 
@ A power-FET driver, such as one in Teledyne’s 
TSC429 family. 

Selecting a driver requires you to make tradeoffs in 
cost, speed, and current rating. Considerable informa- 
tion on gate drivers is available from several driver 
manufacturers. Siliconix (Santa Clara, CA), for exam- 
ple, has an excellent applications reference that re- 
views the subject in detail, and International Recti- 
fier’s Hexfet data book provides a thorough analysis 
of practical circuits. 

The power-switching circuit of Fig 6, which is de- 
signed for a maximum current of 10A, illustrates the 
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CHARGE 


DISCHARGE 


Fig 6—A single inductor and two capacitors make up the energy- 
storage circuit. During the charging portion of the cycle, L; charges 
through Q, and C,. During the discharge portion, Q2 turns on and 
charges L, in the reverse direction through C3. 


action in the energy-storage circuit. During the charg- 
ing portion of the switching cycle, inductor Lj is 
charged through the upper power FET (Q)). The cur- 
rent flow through L, charges Cy, and, in effect, dis- 
charges C3. 

During the discharge portion of the cycle, the lower 
power FET (Qs) turns on. Rather than simply discharg- 
ing, L, actually charges in the reverse direction. The 
circuit doesn’t permit the magnetic field to collapse of 
its own accord, but forces the field to reverse itself. 
Even so, the turn-on time of Qe is referred to as the 
“discharge cycle.” The L(di/dt) equation dictates the 
reverse-case discharge current. Capacitor Cy, partially 
discharges in the process, and Cy, charges. 

Because de current flows from the power supply 
through L, to the load, the current through Q; is 
greater than the current through Qo. The average cur- 
rents through Q, and Qe are balanced only when the 
load is not drawing current. You should also note that 
there’s a reverse-connected diode between the drain 
and source of each power FET. These diodes are intrin- 
sic to the Hexfet design, and their reverse-recovery 
times are always longer than the power FET’s switch- 
ing speed. Although they’re important for the protec- 
tion of the power FET in many circuits, in the 29-kHz 
switching-controller circuit, these diodes never turn 
on. 

Fig 7 shows a plot of the ideal voltage and current 
waveforms for the inductor as it’s connected in Fig 6’s 
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Some drawbacks of the 2-switch power chop- 
per are the added expense of a second power 
device and the need for complex drive logic. 


circuit. The plot is based on the assumption that the 
output is at 50% of the supply voltage, and that no 
current flows into the load. When current flows into 
the load, the plotted current waveform is offset by the 
amount of that de current. 

The storage inductor sustains the de power output 
during the interval in which the upper FET (Fig 6) 
is not conducting power to the load. The inductor works 
with the output capacitors to smooth the delivered 
power. At any given time, the driving voltage across 
the inductor is always equal to the supply voltage mi- 
nus the output voltage. The output voltage is essen- 
tially constant over the duration of the switching cycle. 

In Figs 6 and 7, it’s evident that, as the load voltage 
goes up, the charging voltage goes down for a longer 
period, and the discharge voltage goes up for a shorter 
period. Table 1 charts these voltages for duty cycles 
(d) of 25, 50, and 75%, and gives you a better under- 
standing of the change in voltage across the inductor. 
The design parameters specify a 150V power-supply 
voltage; its actual value will be closer to 165V. Assume 
that the load current is 10A at the 100% duty-cycle 
point, and that the current is scaled linearly with the 
duty cycle. The latter assumption is not absolutely 
correct, but it’s close enough for the present purpose. 
Point A is the left side of inductor Lj, and point B is 
the right side. 

Keeping Fig 7 in mind, and assuming the PWM clock 
is 29 kHz (a full period of 34.5 psec), you can make a 
preliminary calculation of inductance Lj. The available 
charging voltage is 75V, and the the circuit reaches its 
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Fig 7—These waveforms are the ideal voltage and current wave- 
forms for the inductor in Fig 6’s circuit. The waveforms assume 

hat the output is at 50% of the supply voltage, and that no current 
flows in the load. 
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20A peak current in half the period, or 17.2 usec. 
With these values, the inductance is: 


L= K(dt/di) = 75(17.2/20) = 64.5 pH. 


Table 2 shows the values for Ly’s voltage and current 
as a function of time. The transient current in inductor - 
Lj is di= E(dt/L). 

The original maximum-current point in the duty cy- 
cle is indeed at the 50% mark, and the total current 
load on L (and on Q;) is about 25A peak. These cur- 
rents will probably not represent major stress to the 
inductor, but will exceed the 20A target drain-current 
peak for Q;. The equation di=E(dt/L) suggests that 
to reduce the peak current, you must increase the 
inductance. Table 3 gives the results of reworking Ta- 
ble 2 with an inductance value of 85 wH. The results 
show that the 85-~H value is marginally acceptable. 
Later, when you scale the duty cycle to set the maxi- 
mum output voltage to 110V, you'll gain an additional 
3 to 4A margin for the Q, drain current, however. 
(Magnetic-materials manufacturers, such as Amperex- 
Ferroxcube (Saugerties, NY) and Magnetics (Butler, 
PA), can help the non-magnetics-minded engineer to 
design the inductors needed for energy storage.) 

The inductor in the power chopper carries an aver- 
age current of 10A or less, but a peak current of 20A. 
The upper transistor (Q;), which transfers current from 
the power supply to the load, must handle all of that 
current. The lower transistor (Qg) carries only the tran- 
sient current, so it may be of smaller design. For con- 
venience, however, we’ve used identical FETs for both 
devices in the power-chopper design (Fig 6). 

In Fig 6’s circuit, it’s possible that a transient could 
exceed the 20A limit. At start-up, under 100% duty- 
cycle conditions, the output voltage is zero, but point 
A on Ly is effectively connected to the positive supply 
rail. When you use an incandescent-lamp load, the 
lamp’s cold resistance could cause damaging currents 
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to flow. For this reason, the PWM controller should 
have a soft-start function that ramps up the duty cycle 
as the resistance of the load increases. If this function 
is not available, you must derate the FET to handle 
the full surge current of the start-up load. In any case, 
once you choose the inductance value, for a constant 
output voltage the current will always ramp up at the 
constant value set by the equation: E = L(di/dt), re- 
gardless of the present pulse width. This action results 
from the constant voltage differential across the induc- 
tor through each phase of the charge-discharge cycle. 

The power FET you select must be able to handle 
10A (average) and 20A (peak) during inductive charg- 
ing. The power supply for the circuit in Fig 6 is a 
single-ended, 150V de supply, but you can expect the 
supply to go as high as 165V during line-voltage vari- 
ations. Given the rather tolerant nature of the 2-switch 
chopper, a 200V part will probably suffice. 

The design requirements for the power chopper 
specified an optional 110V ac output. In this case, the 
output would have to swing positive and negative some 
165V during the course of the 60-Hz input. In this 
configuration, the lower ground rail of the circuit would 
be connected to —150V dc, which indicates the need 
for a 400V part. (Note that a single-ended switch de- 
sign is not as tolerant of supply variations. The higher- 
voltage part is mandatory for even a unipolar output.) 
The part that fills these, requirements best is the 
IRF352 Hexfet, which has an Rgg of 0.40 at 25°C. By 
itself, this resistance dissipates 40W at 10A. Some im- 
portant specs for the IRF352 are: 

@ Pulsed drain current (Ig): 20A 
Saturated on-resistance (Rgs): 0.40 
Max drain-source voltage (Vq;): 400V 
Gate-source capacitance (Cgss): 3000 to 4000 pF 
Max junction temperature (Tj): 150°C 
Junction-to-case thermal resistance (Rthg-c): 
0.83°C/W 
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@ Case-to-heat-sink thermal resistance, greased 
(Res): 0.20°C/W 
@ Junction-to-ambient thermal resistance (RipJ-,): 
30°C/W 
The junction-to-ambient thermal resistance suggests 
that at these power levels, and without a heat sink, 
the case temperature would be 1200°C. Obviously, the 
upper transistor will require a heat sink to dissipate 
40 to 50W continuously at full power. The lower tran- 
sistor, which carries only the transient discharge cur- 
rent, dissipates much less power. 


Configuring the gate-drive circuit 

Power FETs such as the IRF352 have large gate- 
source capacitances that require high charging currents 
to overcome the FET’s switching point. Moreover, it’s 
essential that the gate-drive circuit make rapid switch- 
ing transitions, especially when operating near the 
minimum and maximum duty cycles. 

The gate drivers are TSC429 Series parts from Tele- 
dyne Semiconductor. The TSC429 can drive the gate 
with a peak current to 6A, charging the gate-source 
capacitance in tens of nanoseconds. The part behaves 
as a complementary pair of power-FET devices. The 
429 can swing almost to the supply rail in either direc- 
tion, and it provides a clean 12V waveform to the 
IRF352’s gate. The input to the 429 is a CMOS-type 
load, which permits you to insert RC time delays to 
adjust the chopper to a no-overlap condition. Fig 8 
shows the TSC429 connected to the power FETs. Note 
that the driver is powered by an isolated power supply. 
Power for the upper transistor (Q)) floats between 
ground and 150V. 

In most high-voltage applications, you must isolate 
the FET gates from the logic signals that drive them. 
You must also supply complementary signals to the 
gate driver. That is, Q; must be driven On while Qe 
is driven Off, with no overlap in the drive signals. 
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N-channel FET’s usually have the best volt- 
age and current ratings, so theyre com- 
monly used tn high-power applications, par- 
ticularly at high voltages. 


Furthermore, any significant lag in the rise or fall time 
of these signals will seriously degrade the operation 
of the chopper. For a drive circuit, you could choose 
a transformer drive, capacitive coupling, zener-offset 
coupling, or an optoisolator. For the 29-kHz power- 
switching circuit, an optoisolator with a fast data rate 
(in this case, a 6N137) is ideal. The transformer drive 
is not a good choice because of its duty-cycle con- 
straints; the capacitive-coupling option is a poor choice 
because of massive voltage swings, and the zener-offset 
coupling isn’t a good idea because of anticipated vari- 
ations in the ac power mains. Note that the 6N137 
requires a 5V supply, which is derived from the gate 
driver’s power source (Fig 8). 

A common buffered CMOS-level signal drives the 
isolator’s input diodes, producing the complementary 
logic levels. When you tie the diodes in series, the 


; TSC429 


PWM drive signal can alternately sink current from 
the top device or source current to the bottom device. 
An appropriate current-limiting resistor is tied to the 
closest logic-level supply rail. 


Choosing the pulse-width modulator 

The application also determines your choice of a 
pulse-width-modulator (PWM) circuit. They range in 
sophistication from simple unijunction transistors, to 
digital-logic modulators, to analog modified-cosine 
ramps. The 74LS592, for example, is a particularly 
versatile 8-bit counter that makes an excellent PWM. 
You invert the output from the 592’s ripple-carry- 
output (RCO) pin and feed it back to the CCKEN pin; 
the timer will stop when the parallel-input pins reach 
an 8-bit count. Fig 9 shows the suggested circuit. 

The 74LS8592 contains a separately clocked latch 


+. 20 pF/200V 


30 mA MAX 


NOTES: 

1. OPTIONAL, FOR FILTERING DC OUTPUTS 

2. L, IS 30 TURNS, #11 WIRE ON FAIR-RITE 
BOBBIN #9677352509 

3. ADD C, (20 nF AT 200V) FOR DC OUTPUTS; 
OMIT FOR AC OUTPUTS 


Fig 8—The completed circuit for the power chopper includes TSC 429 drivers, which provide a fast-rising waveform, rapidly charging the 


gates of the power FETs. 


198 


EDN September 15, 1988 : 


Because you re 
thinking fast... 


you need responsive sup- 
pliers as well as fast parts. 
Comlinear is tuned in. With 
high quality, high-speed 
products. Assistance from 
R&D-level applications 
engineers to help develop 
your ideas quicker. Sales 
and distribution that get you 
what you need fast. Quality 


product documentation with 
S guaranteed specs so you 
dont waste time. In your 


rise time and E=ss2ual 
—60dBc distortion at 50MHz. 
Suddenly, the buffer gets 


interestin This is a buffer breakthrough! 
Pe Comlinear introduces the CLC110 

Monolithic Buffer Amplifier for 
phenomenal speed and outstanding 
accuracy all in a single high- 
performance part. 

The CLC110 features a closed- 
loop unity-gain design that’s so 
unique, it’s patented. This buffer 
is fast! The —3dB bandwidth is 
730MHz (0.5Vpp) and the settling 
time is a mere 5ns to 0.2%. And 
it’s accurate! With very low 2mV 
offset voltage, 20V/°C drift and 
—60dBc distortion at SOMHz 
(2Vpp into 100Q)). 

The CLC110 is ideal for 
high-speed line driving and video 
distribution. It’s also a great 
choice for driving capacitive loads, 
especially in the newest 100 to 
200MSPS flash A/D converters; 
its fast 750ps group delay, 800V/ws 
slew rate and 400ps rise time make 
it excellent for op amp feedback 
loops as well. 

Try the CLC110 in your next 
design for both the speed and 
accuracy you need. Without 
compromise. 


Comlinear 
Corporation 


Solutions with speed 


4800 Wheaton Drive 
Fort Collins, Colorado 80525 
(303) 226-0500 


©1988 Comlinear Corporation 


CIRCLE NO 188 


To drive a power FET at high speeds, you 
need a fast-rising, high-current pulse, which 
can rapidly charge the FETs gate capact- 
tance. 


buffer and counter; the buffer preloads the counter. 
When you feed the CLOAD pin with a 29-kHz sync 
signal, the resulting PWM waveform has a 29-kHz pe- 
riod. A clock running at 256x29 kHz feeds the 
counters CCK pin. The uninverted RCO output can 
feed an HCT-type buffer (such as a 74HCT86) to pro- 
vide drive signals for the gate-drive optoisolator cir- 
cuit. 


Testing the power chopper 


Once you've completed the circuit, you should per- © 


form all testing of the chopper with an isolated power 
supply and a Variac-type autotransformer. The Variac 
permits low-risk testing of the chopper at low amounts 
of dissipation. By using the Variac’s ac current meter, 
you can readily determine whether both transistors 
are conducting or whether magnetic saturation is pre- 
sent—and you can do it all with low input voltages. 

Simultaneous conduction shows up in the form of 
high idling current when the load is disconnected. This 
current stays relatively constant as you vary the ac 
input voltage over a wide range. It’s reasonable to 
expect the circuit to draw as much as 50 to 100 mA 
from the mains during idling, but much larger values 
indicate a problem. 

A sudden increase in idling current above the normal 
value for a given PWM duty cycle, either with or with- 
out the load connected, indicates that the inductor is 
saturated. You can perform this test safely at low ac 
source voltages. Sudden changes in the voltage wave- 
form across the inductor for relatively small changes 
in either the PWM’s pulse width or the mains’ voltage 
are another indication that the inductor is saturated. 
You can easily observe these effects on an oscilloscope. 

Once you’ve confirmed that the circuit operates as 
intended at low power levels, you'll need a heavy-duty 
(10A) supply. For safety reasons, you should use a 
good isolation transformer. To test the 29-kHz power- 
switching circuit described here, we used two surplus 
transformers to produce 230V (center-tapped) at the 
full Variae setting. Each transformer contained three 
40V/8A windings, which we wired in series. The trans- 
formers sustained 10A of output current for several 
minutes without significant heating. After this initial 
procedure, we tested the chopper at the full 10A output 
level without the Variac or the isolation transformers. 

In the absence of a dedicated high-wattage load, you 
can use incandescent lamps connected in parallel. Using 
100W bulbs, you vary the load in approximately 1A 
increments. To validate the thermal design, you can 
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Fig 9—A versatile 8-bit counter chip, the 74LS592, acts as a pulse- 
width modulator in the power-chopper circuit. 


use an ordinary household laundry iron—it will provide 
a load of about 10A. It’s advisable to turn the iron on 
high to prevent its thermostatic contacts from arcing. 
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Design Feature 


Time-domain analysis 
of aliasing helps to 
alleviate DSO errors 


By thinking 1n terms of the sampling rate 
rather than the Nyquist frequency, you'll 
get a better intmtwwe feel for how a dygital 
storage oscilloscope may be altering your 
data. Undersampling results in aliasing, a 
long-feared problem but one that’s not diffi- 
cult to overcome using certain, simple tech- 
NIQues. 


Jack Collins and David White, Tektronix 


If you’re using a spectrum analyzer, it makes sense 
to evaluate aliasing in the frequency domain. For a 
digital storage oscilloscope (DSO), however, you're 
usually better off to think of aliasing as the result of 
taking too few samples of a waveform. Aliasing can 
cause information not present in the original signal to 
‘appear on the display of a DSO. Bolstered with a clear 
perception of aliasing, you can avoid problems and take 
better advantage of your scope’s capabilities. 

Aliasing in DSOs is analogous to the problems pro- 
duced by the bandwidth limitations in analog scopes. 
If the bandwidth of an analog scope is 50 MHz, for 
example, and you try to look at a 50-MHz square wave, 
you’re likely to see a waveform on the scope’s screen 
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that is more nearly a sine wave than a square wave. 
The scope’s bandwidth roll-off at high frequencies fil- 
ters out the square wave’s high-frequency components, 
and you’re left with mostly the main 50-MHz sine-wave 
component. When using an oscilloscope, you learn to 
be aware of the instrument’s bandwidth, and DSOs 
are no exception. In DSOs, though, you have to con- 
cern youself with bandwidth and aliasing. 


Aliasing stems from too-slow digitizing 

Aliasing can appear in any system in which signals 
are digitized. The classical description of aliasing deals 
with the frequency domain. Typically, your digitizing 
rate must be at least twice as high as the maximum 
frequency you are trying to digitize. If you digitize 
more slowly than this rate—the Nyquist sampling 
rate—you’ll get aliasing. Remember, if a frequency 
component exists in the incoming signal, and the com- 
ponent’s amplitude equals or exceeds half the size of 
the least significant bit (LSB) of your scope’s A/D con- 
verter, the scope will try to digitize it. So, Just because 
a frequency component is beyond your range of inter- 
est, don’t assume that it won’t affect the scope display. 

Fig 1 illustrates the frequency-domain approach to 
aliasing. The signal being sampled is a 7-MHz sine 
wave, and the sampling frequency is 10 MHz. Because 
the Nyquist sampling rate for a 7-MHz signal is 14 
MHz, this sampling rate does not meet the Nyquist 
criterion, and an alias signal results. The alias is “folded 
down” into a lower frequency. Specifically, the alias’s 
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Just because a frequency component ts be- 
yond your range of interest, don’t assume 
that it wont affect the scope display. 


frequency is the difference between the original sig- 
nal’s frequency and the sampling rate—in this case, 3 
MHz. 

The mechanism that folds the original signal down 
into a lower frequency becomes obvious when you look 
at the sampling process in the time domain. Fig 2 
shows the 7-MHz sine wave being sampled at the 10- 
MHz sampling rate. Connecting the sampled points 
reveals the lower frequency alias. If you were trying 
to capture a 7-MHz sine wave with a DSO that had 
only a 10-MHz sampling rate, you would see the 3-MHz 
alias on the screen. 

From Fig 2, it’s clear that aliasing results from sam- 
pling too slowly—undersampling. You can imagine the 
sampling rate increasing until you have sampled the 
sine wave sufficiently to fully reconstruct the original 
signal. This sufficient sampling rate is two samples per 
period, the Nyquist rate. 

Determining what constitutes a sufficient sampling 
rate is trivial for a sine wave, but it becomes more 
difficult when the signals are more complex. Consider, 
for example, that you might want to know how fast 
you must sample a square wave to avoid aliasing. If 
you sample a 7-MHz square wave at 14 MHz, you get 
a 7-MHz sine wave—along with a variety of aliases. 

First, think of how fast to sample a square wave in 
terms of the frequency domain, where every waveform 
can be broken down into its component sine-wave fre- 
quencies. To represent the square wave, you need to 
sample at a high enough rate to capture enough of the 
component sine waves to “reconstitute” the square 
wave. Every component that is not sampled at its 
Nyquist rate will be aliased. In the previous example, 
if the 7-MHz square wave were to be sampled at 100M 


NYQUIST 
FREQUENCY 


™ 


SIGNAL 
FREQUENCY 


SAMPLING 
FREQUENCY 


ALIASED 
FREQUENCY 


FREQUENCY (MHz) 


Fig 1—Traditionally, aliasing is described in the frequency do- 
main, where an aliased frequency folds down to a lower frequency. 
The alias’s frequency is the difference between the original signal’s 
frequency and the sampling rate. 
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samples/sec, signal components above the seventh har- 
monic would be aliased. 

The time domain offers a simpler way to look at the 
problem. For the square wave, consider the timing 
resolution you need on the square wave’s edges. If you 
need to know an edge’s timing within +10 psec, you 
must sample at least every 10 psec. Considering resolu- 
tion will help you avoid situations in which the resolu- 
tion is so low as to indicate the presence of aliasing. 


DSOs meet aliasing in the time domain 

When you apply these aliasing concepts, it’s crucial 
to remember that you can’t assume you're safe from 
aliasing simply because the maximum sample rate of 
the DSO you’re using is high enough. You must exer- 
cise caution because the sweep speed you use deter- 
mines the sampling rate you get. In most DSOs, the 
number of sampled data points displayed across the 
screen is constant—regardless of the sweep duration— 
and therefore only at the highest sweep speeds will a 
DSO apply its highest sampling rate. As you reduce 
the sweep speed to view a more extended segment of 
a waveform, the DSO samples less often. Thus, even 
the fastest DSO can produce aliasing on relatively low- 
frequency signals. 

Fortunately, there are alternatives to lower sweep 
speeds. If your DSO has sufficient memory, you can, 
for example, capture a large portion of a waveform at 
a high sample rate and have the DSO display the entire 
waveform record across the screen. This use of long 
record lengths gives you an overview of the waveform 
without resorting to lower sweep speeds. You can also 
expand the display (zoom in) to see a greater amount 
of detail on a portion of a long record. Scopes with the 
ability to store long records at high sample rates aren’t 
inexpensive, however. 


. 


es 


Fig 2—Viewing aliasing in the time domain helps to reveal how 
aliasing affects DSOs. This time-domain representation depicts the 
same situation as that shown in Fig 1’s frequency-domain illustra- 
tion. 
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109.4 
TIME (SEC) 


NUMBER OF SAMPLES BETWEEN MINIMUM AND MAXIMUM VALUE: 100 
MEAN VALUE: 109.5 pSEC 


STANDARD DEVIATION: 24.56 nSEC 
MOST FREQUENT MEASUREMENT VALUE: 109.5 pSEC (+1.01 nSEC) 


Another consideration in relying on a high sampling 
rate to avoid aliasing is the difficulty of achieving the 
extremely high sampling rates necessary. To obtain a 
sample every 10 psec, for instance, you must sample 
at 100 GHz, a sampling rate that is not even available 
on any of today’s DSOs. 

A cost-effective method of achieving 10-psec resolu- 
tion on a DSO does exist, however. Equivalent-time 
sampling is a key capability of many DSOs. It allows 
a DSO to collect samples over many repetitions of a 
waveform, until the scope obtains a true representation 
of even very high-frequency signals. The equivalent- 
time-sampling technique effectively extends the 
Nyquist frequency (half the sampling rate, which is 
the highest frequency you can acquire without aliasing) 
to a much higher level than is possible using real-time 
sampling. 


Aliasing can spoil any measurement 

Aliasing has varying consequences on the basic meas- 
urements you make when you use an oscilloscope. Be- 
fore delving further into methods for avoiding aliasing, 
you'll find it useful to consider how aliasing can affect 
the quality of your measurements and data and how 
to detect an alias. 

Amplitude measurements, for instance, are suspect 
in the presence of aliasing. If you don’t happen to 
obtain samples on the waveform’s peak, you cannot 
make accurate peak-to-peak measurements. 

When it comes to timing measurements, aliasing ru- 
ins the measurement’s validity. When thought of in 
terms of undersampling and low resolution, aliasing 
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Fig 3—A histogram screen dump shows the 
variations in a measurement over many 
passes: The wider the histogram, the greater 
the measurement variation. Although noise 
in the circuit under test and in the DSO itself 
makes it impossible to obtain precisely the 
same measurement every time, a histogram 
that is wider than expected may indicate ali- 
asing. 


makes the location of a waveform’s edge uncertain. 
And if you cannot be certain of where an edge really 
is, you cannot make accurate measurements from one 
edge to another. You might set your DSO to measure 
a time interval from the 50% point on one edge to the 
50% point on another, but if there are no sampled 
points at the 50% point, your measurement will vary 
by as much as a sample interval. 

Interpolation between the sampled points can reduce 
this error. However, be aware that this method brings 
its own risks. For example, undersampling the signal’s 
rising edge causes you to rely on linear interpolation 
to connect the samples you do have. The edge might 
be linear at some points, but you can’t depend upon it. 
And if the edge has highly nonlinear features that you 
do not capture, you cannot tell the correct location of 
the edge’s 10% and 90% levels; thus you cannot even 
tell where to interpolate to or from. Clearly, you cannot 
make an accurate rise-time measurement under these 
circumstances. 


Histograms uncover the alias 

There are several basic methods to detect aliasing. 
One of the best—but the least used—is the histogram. 
The graph of Fig 3 shows the distribution of several 
measurement values. Its height represents the number 
of occurrences of a specific measurement value, and its 
width represents relative precision. 

Imagine, for instance, that you want your DSO to 
measure a propagation delay many times, log the data 
to a personal computer or a controller, and display a 
histogram of the results. If the measurement is consis- 
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It’s crucial to remember that you can’t as- 
sume youre safe from aliasing simply be- 
cause the maximum sample rate of the 
DSO you're using is igh enough. 


tent, the histogram’s curve should be relatively nar- 
row. Noise can widen the curve, but a wider than 
expected curve hints that the measurement is produc- 
ing widely varying results, and aliasing might exist. 
The actual width you can tolerate depends, again, on 
the resolution that your measurement requires. 

Fig 4 illustrates the timing errors that can occur 
with a random digitizer when linear interpolation is 
used to measure an undersampled signal. Fig 4d shows 
a histogram of the pulse-width measurement with a 
l-sample interval variation in the measurement. This 
unexpected variation indicates undersampling. 

If you attempt to see 10-nsec variations in an ECL 
propagation-delay measurement over an interval of, 
say, 100 wsec, you can use a histogram to find out if 


ACTUAL PULSE WIDTH=165 nSEC 


SAMPLE INTERVAL=50 nSEC 


OnSEC 50nSEC 100 nSEC 150nSEC 200 nSEC 


Fig 4—The effects of undersampling on a pulse-width measurement 
are evident in the way the condition distorts a square pulse (a). The 
two variants produced by undersampling (b and c) are shown here 
with linear interpolation between sampled points. A histogram of 
these two measurements shows the measurement variation (d). 
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you're getting 10-nsec precision. Over this long time 
interval, record-length limitations will make it unlikely 
that you will be able to obtain the required precision, 
and the histogram will quickly show this. 

Histograms can prove especially useful when a DSO 
is part of an automatic-test-equipment configuration 
because ATE requires a careful balance of throughput 
and precision. To ensure that a test meets your preci- 
sion specs, you can have the DSO automatically com- 
pare the test result’s mean and standard deviations 
with acceptable values. Unlike other alias-detection 
methods, this approach requires no human interven- 
tion. 

The envelope or min-max mode that many DSOs 
provide can also show you when aliasing is present. 
Even at low sweep speeds, these modes capture mini- 
mum and maximum amplitude values at the DSO’s 
highest sampling rate. Thus, if a signal’s peak-to-peak 
value in the normal mode differs significantly from the 
value in the envelope mode, aliasing is likely. 

Another way to detect aliasing is to observe how 
your DSO is triggering. If you see a rolling or other- 
wise unstable waveform on the screen that looks as 


Fig 5—The most fundamental method of spotting an alias wave- 
form is to do a reality check. If you expect a high-frequency waveform 
(lower trace—sweep speed is 2 nsec/div) and see a much lower- 
frequency signal (upper trace—sweep speed is 2 msec/div), you'd 
better use some of the methods presented in the text to check for 
aliasing. 
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though the scope is not triggered, yet the triggering 
indicator shows that the scope is triggered, aliasing is 
probably occurring. The DSO’s triggering detector 
looks for a trigger within a specific time interval (60 
nsec for Tektronix scopes). If the DSO triggers before 
this interval elapses, the triggering indicator is turned 
on. As is the case with an analog scope, if you’re view- 
ing a complex digital signal, you must make sure the 
trigger hold off is properly adjusted to achieve a stable 
display. 

The last method of detecting aliasing is a basic re- 
quirement when making any measurement: Do a real- 
ity check. Ask yourself whether the waveform makes 
sense. Always be aware, for instance, that if you see 
a lower frequency than expected you might be looking 
at an alias that “folded down” from a higher frequency 
(Fig 5). 


Equivalent time sampling boosts the sampling rate 
Once you’ve identified (or anticipated the occurrence 
of) aliasing, of course you need to know how to elimi- 
nate it. Fundamentally, you must increase the sam- 
pling rate you are using. Sampling faster might mean 


just using a higher sweep speed—or it might mean 
buying a faster DSO. Some DSOs with fairly low sam- 
pling rates are teamed up with analog scopes in the 
same instrument, allowing you to take advantage of 
the analog “infinite” sampling rate and the digital 
waveform-processing features (see box, “DSOs auto- 
mate your measurements”). 

Another way to obtain a higher sampling rate, as 
mentioned earlier, is to employ equivalent-time sam- 
pling. You have a choice of two such methods: random 
(asynchronous) and synchronous (often referred to as 
sequential). Although only extremely high-speed DSOs 
use the synchronous method today, it is the easiest 
approach to understand. As Fig 6 shows, a DSO using 
synchronous equivalent-time sampling takes one or 
more samples on one pass, and then on the next pass 
it takes one or more additional samples shifted slightly 
from those taken during the first pass. This process 
continues on subsequent passes until the DSO acquires 
the entire waveform. 

Originally, the synchronous method was the only 
form of equivalent-time sampling, and it has the advan- 
tage of collecting samples that are relatively close to 
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Equivalent-time sampling allows a DSO to 
collect samples over many repetitions of a 
waveform, until tt obtains a true represen- 
tation of a very ligh-frequency signal. 


each other. The voltage difference from one sample 
to the next is thus minimal. This condition is important 
for high-frequency DSOs because their A/D samplers 
perform best when the signal amplitude varies little 
between samples. In addition, because it is easier to 
create an incremental delay in the subpicosecond re- 
gion than it is to measure that same delay, synchronous 
sampling has an advantage when the required sampling 
interval is less than a few picoseconds. 

The disadvantage of synchronous equivalent-time 
sampling is that it does not permit the DSO to collect 
pretrigger data that would allow you to “look back in 
time” before the event you trigger on (although a delay 
line gives you a very limited look at pretrigger data). 
The pretrigger limitation results from the need to delay 
the sample timing on each pass from a fixed point. 
Thus, the DSO cannot begin to collect data until the 
fixed point—the trigger—is set. 

Random equivalent-time sampling, in contrast, does 
allow a DSO to collect pretrigger data because it uses 
no iterative timing process. In Fig 7, on each waveform 
pass the DSO takes samples at fixed intervals that are 
positioned randomly (asynchronously) with respect to 
the trigger. The DSO precisely measures the time in- 
terval between the sample instant and the trigger 
event. The DSO then places the sample data in its 
correct memory location. Just as with the synchronous, 
or sequential, method, the random approach builds up 
a true representation of the waveform. 

Regardless of the form it takes, equivalent-time sam- 
pling extends the effective sampling rate well beyond 
the A/D-conversion rate, to the reciprocal of the wave- 
form-record interval (the distance between samples in 
the final waveform record). This result is identical to 


what you would get if you considered the distance 


between samples in real-time sampling. To determine 


= 


Fig 7—In random equivalent-time sampling, a DSO takes samples 
at fixed intervals on multiple passes of a waveform, but the samples 


are asynchronous with respect to the trigger. Using random sam- 
pling, you can collect pretrigger data. 


the waveform-record interval in random equivalent- 
time sampling, divide the sweep’s time duration by the 
total number of samples. 

It might seem that there is no limit to the resolution 
you could obtain using equivalent-time sampling. To 
increase resolution, you would simply increase the 
number of passes over which you collect samples. In 
reality, noise begins to affect the accuracy with which 
a DSO can assemble samples in time relative to one 
another. Thus, in equivalent time, a DSO’s bandwidth 
does not depend on its sample rate; the bandwidth 
depends on the bandwidth of the DSO’s front-end am- 
plifier and track-and-hold sampler. Although, for exam- 
ple, the Tektronix 11402 DSO has a 20M-sample/sec 
sampling rate, by using equivalent-time sampling it 
provides a 10-psee minimum waveform-record inter- 


val—representing an effective sampling rate of 100 
GHz. The 11402’s bandwidth is 1 GHz, allowing you 


Fig 6—In synchronous, or sequential, equivalent-time sampling, a DSO takes samples on multiple passes of a waveform, sampling a 
little further from the trigger on each pass. 
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Sampling faster might mean just using a 


higher sweep speed—or it might mean buy- 
ing a faster DSO. 


to look at very fast repetitive signals, and the 10-psec 
resolution gives even better resolution for timing meas- 
urements. 


Autoset provides a clear view 

Another way to avoid aliasing is to use your DSO’s 
autoset capability. Most DSOs provide autoset, auto- 
setup, or autoscale features that determine the input 
signal’s peak-to-peak amplitude and its period or fre- 


i 
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quency. Autoset then sets the DSO’s attenuators, trig- 
gers, and timebase to reproduce two or three waveform 
periods in a stable, unaliased display. Even if this dis- 
play does not show the details you want, it gives you 
a good overview of the waveform and a starting point 
for finding the details you do want. Autoset is not 
infallible, unfortunately. It has a difficult time with 
very complex waveforms and aperiodic events, and it 
cannot handle transients because several waveform 


(b) 


Fig 8—Visual aliasing results from the human tendency to connect nearby dots visually—for example, when you interpret a high-frequency 
trapezoidal wave (a) as a group of horizontal (or nearly horizontal) lines (b). In such situations, interpolation between dots, c and d, 


proves especially useful. 
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FEATURES 
Fast Settling: 
500ns to 0.01% for 10V Step : 
-1.5ys to 0.0025% for 10V Step 
Slew Rate: 75V/ps 
_ Total Harmonic Distortion (T HD): 0.0003% ~— 
_ >1000pF Capacitive Load Drive seein. with 
—10V/ps Slew Rate — 
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+ 
Bt 
input Offset Voltage: 0.25mV ae. e 

Input Offset Drift: 3pV/°C max 
Open Loop Gain: 250V/mV min 
_ Noise: 4pV p-p max, 0.1Hz to 10Hz 


_AD744 Settling Characteristics Oto + 10V Step — 


PRODUCT DESCRIPTION PRODUCT HIGHLIGHTS 
The AD744 makes a breakthrough i in the high speed BiFET 
market by offering guaranteed maximum settling to 0.01% in 

-750ns. It also offers the excellent de characteristics of the AD711 
BiFET family with enhanced slew rate, bandwidth and load 


driving capability. 


50V/us. 


The single-pole response of oe AD744 oruvides at sertings 
-§00ns to 0.01% typically, and 750ns maximum. This feature, : 
combined with high de precision, makes the AD744 suitable for 
use as a buffer amplifier for 12-, 14- and 16-bit DACs and ADCs. _ 
Furthermore, the AD744’s low total harmonic distortion (THD) __ 
level of 0.0003%, low noise and gain bandwidth product of. 
13MHz make it an ideal amplifier for demanding : audio applica- = * 
tions. It is also an excellent choice for high eel instrumentation 8 performance a EEN prices. 
amplifiers and for use in active filters. - - ee 


The AD744 offers optional custom compensation or sdditional - 

design flexibility. This external compensation allows the AD744 

to drive capacitive loads up to 2000pF and greater with full 

stability, making the AD744 outstanding for use as a coaxial 

cable driver. Alternatively, external decompensation may be se 
used to increase the gain bandwidth of the AD744 to over 200M  . 
at high gains. This makes the AD744 ideal for use as an ac 

pean in p cigital ap processing (DSP) front ends. 


noise of 4nV p-p, 0.1 to 10Hz. 


A lot of companies say they have fast- 
settling, high-performance BiFETamps. 
But our AD744 settles to 0.01% in 
500ns and to 0.0025% in 1.5j4s —making 
it the world’s fastest-settling, highest- 
performance BiF ET. 

This superior settling, combined with excellent dc perfor- 
mance, makes the AD744 unbeatable for active filters, and for 
buffering DACs and ADCs up to 16 bits. 2 

The AD744, with a total harmonic distortion of just 
(.0003%, low noise, a clean pulse response, and a gain bandwidth 
product of up to 200MH,z, i is also ideal for digital signal process- 
ing and audio applications. 

If you work in communications, you'll appreciate the 
AD744’s ability to drive loads greater than 2000pF with full 


500ns Settling 
BIFET Op Amp — 
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1. The AD744 offers exceptional dynamic response. It settles to oS 
9.01% in 500ns and’ has a 100% tested minimum sicw ratc of ee 


"The combination of Acaue Devices eet oe 
technology, laser wafer drift trimming and well-matched ion- 

: _ implanted JFETs provide outstanding de precision. Input Se 
__ offset voltage, input bias current and input offset current are 
specified i in the warmed-up condition and are 100% tested. 


. The AD744 has a guaranteed and tested maximum volage 


. The AD744 is a high speed BEET ap cep hat of offers excellent = 


ss eee 


eee 
. 


stability. And the fact that the AD744 can drive a 1000pF cap 
load while maintaining a slew rate of 1OV/s. 
The AD744 isn’t our only outstanding BiF KT, either. 
The AD711 single, AD712 dual, and soon the AD713 quad, settle 
in ws with the same high resolution as the AD744. Iflow 
power with precision is critical, try our AD548 single or 
AD648 dual. 
Whichever BiFET your application requires, you'll find 
our products deliver excellent performance at an excellent price. 
In fact, they’re some of the most competitively priced BiFETs 


available today. 
If you'd like more proof on 
why we a say ul make the AN ALOG 
best BiFETs, call your nearest 
Aloe Devices wiles office. DEVICES 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621, (408) 559-2037; 
Colorado: (719) 590- 9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 931- 5094; Washington: (206) 251-9550; Austria: (222) 885504: 


Belgium: (3) 237 1672; Denmark: (2) 845800; France: (1) 4687-34-11; Holland: (1620) 81500; 


Israel: (052) 911415; Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826; 


Sweden: (8) 282740; Switzerland: (22) 3157 60; United Kingdom: (932) 232222; West Germany: (89) 570050 
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“Flexible 
Financing. 


When you need test equipment, you 
want a range of financing options. Leasametric 
has a variety of options from which to 


choose. Including short- or long-term rentals 


and rent-with-an-option-to-buy. 


Get the best names 
in the business. From 
the best name in the 
business. Leasametric. 


1-800-553-2255 
US LEASAMETRIC 


Instrument Rental Division 
1164 Triton Drive 
Foster City, California 94404 


Count on us. 
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Oak anti-static 
keylock switch. 


The Oak anti-static keylock switch protects sensitive 
electronic circuitry from inadvertent static discharge of up 
to 20,000 volts. It can be used for operating voltages from 
dry circuit to 4 amps at 120 V.A.C. 

The switch also provides equipment security from 
unauthorized users. It measures 2!/16” long and will fit a 
.760 diameter x .635 double flatted cutout. It is available 
with a wide range of key options and is UL and CSA 
recognized. 


OAK Switch Systems Inc. 


Your Partner in Excellence 
PO. Box 517 ¢ Crystal Lake, Illinois 60014 
Phone 815/459-5000 ¢ TWX 910-634-3353 « WUI 6871399 
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_ versity of Portland, Portland State 
| University, and Portland Community 


are playing music, weekending on the 
_ Oregon coast, and going scuba diving. 


repetitions are required to find a waveform’s salient 


features. 
One final method for dealing with aliasing is to use 


display vectors—connections between the dots on a 
'DSO’s screen. This method helps correct an effect 


sometimes known as visual aliasing, in which the hu- 


'man eye associates dots with their nearest neighbors 
_ (Fig 8). Visual aliasing often occurs when you look at 


many periods of a fast-rise-time square wave; there 
will be many dots at a low level and many dots at a 
higher level and little way for the eye to discern the 
underlying high-frequency waveform. 

Connecting the dots with linear vectors gives your 
eye a chance to see the true waveform, even if the 
linear representation isn’t completely accurate. Some 


' DSOs also furnish sinx/x interpolation, which draws 


connections between points by considering waveform 
variations over a range of points. This approach takes 
into account more of the waveform’s nonlinear nature. 
Linear interpolation, on the other hand, draws a 


_ straight-line vector from one point to the next. 


Using alias-detection and -correction techniques such 
as these can help prevent incorrect measurements, but 
none of these methods is any substitute for remaining 


' vigilant at all times. The reality check is the ultimate 
| defense against aliasing. 
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Jack Collins is a principal engineer at 
Tektronix’s Laboratory Instruments 
Div in Beaverton, OR. He holds BSEE 
and MSEE degrees from the University 
of Washington and has worked for 
Tektronix for 14 years. Recently, he 
served as project leader for the digitizer 
section of the 11401 scope. His spare- 
time activities include backpacking, 
skiing, and windsurfing. 


David White is engineering program 
manager at Tektronix’s Laboratory In- 
struments Div; he has worked there for 
10 years and currently manages a de- 
sign team. David has attended the Uni- 
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“THE GLOBAL ALLIANCE IN TEST & MEASUREMENT. 


—_— Soa 2) PHILIPS 


- CIBA-GEIGY’s world of electronic chemicals. 


In seventeen countries 
around the world, the 
unparalleled research and 
development capabilities of 
CIBA-GEIGY Group 
Companies are advancing 
the technology of electronic 
chemicals and processes. 


Layers of electronic magic held fast 
by Araldite® resins. 

Today's printed circuits must 
combine extremes of circuit density with 
flexibility, strength and precision. The 


secret is Araldite laminating resins, 
products of CIBA-GEIGY research. 
These resins blend the best mechanical 
and dielectric properties with resistance 
to hot-air levelling and a steadfast refusal 
to delaminate even when exposed to 
solder baths. Result: lighter, stronger and 
more reliable circuits. 

Tomorrow’s photopolymer solder 
mask today: The Probimer® series. 


Acomprehensive system capable of 
masking printed wiring boards of 
exceptionally high density with little 
possibility of solder bridging or distortion, 
the Probimer technology provides an 
extraordinary level of fidelity to the 
photographic contours of the original. 


Further Probimer advantages: a tough 
protective coating imbued with flame 
retardance and a high level of resistance 
to chemical and environmental attack. 
High-purity protection: The superb 
Aratronic® encapsulation systems. 

Heat, cold, extremes of pressure and 
environmental exposure: These are just a 
few of the adverse conditions an 
electronic component may nave to 
endure. And endure it will, when 
protected with high-purity Aratronic 
encapsulation systems. These systems 
offer negligible shrinkage during cure, 
excellent adhesion to metals and other 
materials, and stalwart resistance to 
chemical attack. 
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Improved cost-effectiveness and 
reliability for semiconductors and 
hybrid circuits: Probimide“ 
microelectronic systems. 

Probimide polyimides are an 
advanced high-purity mask and 
photopolymer coating developed 
especially for the stringent requirements 
of today’s semiconductors and hybrid 
circuits. They provide heat resistance up 
to 450°C and their photoimageability has 
resolution capability into the micron 
range, hundreds of times better than the 
best photographic film. 

Pulling it all together: Furane Products 
specialty polymers. 


For packaging and assembling 
EDN September 15, 1988 


electronic components, CIBA-GEIGY’s 
Furane Products Company formulates 
specialty polymeric materials to meet the 
ever-increasing demands of industry. 
Uralane* conformal coatings can be 
used in most hostile conditions of heat 
and humidity. Epibond® die attach 
adhesives meet demanding military 
specifications for thermally conductive/ 
electrically insulating adhesives. 
A global capability: Wherever there is 
technology, there is CIBA-GEIGY. 
CIBA-GEIGY Group Companies 
literally circle the globe with highly 
sophisticated technological and service 
capabilities. For more information, please 
contact: In the U.S.A. CIBA-GEIGY 
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Corporation, Electronic Chemicals 

Group, Three Skyline Drive, Hawthorne, 
New York, 10532. Telephone: 

(800) 431-1900, (914) 347-4700 in New York. 
In other countries, please contact the 

local CIBA-GEIGY Group Company or 
CIBA-GEIGY Ltd., Electronic Chemicals 
(KA 5.6), 4002 Basel, Switzerland, 
Telephone: 061/362850. 


CIBA-GEIGY 


The sun never sets on 
CIBA-GEIGY’S 
world of electronic chemicals 


Austria 
(0222) 60101-1255 
Belgium 

(02) 5257017 
Denmark 
(01) 572222 
Finland 

(90) 17271 
France 

(01) 4093 8057 
Germany 
(040) 3296-0 
Greece 

(01) 4894339 
Ireland 

(01) 693355 
Italy 

(02) 67522469 
Netherlands 
(040) 783749 
Norway 

(02) 680200 
Portugal 
(019) 683121 
Spain 

(03) 3016312 
Sweden 

(08) 7821000 
Switzerland 
(01) 4882689 
United Kingdom 
(01) 580 6633 
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Your circuit specification — 
Philips custom hybrid capability 


THE GOLDEN 
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Talk to Philips and put yourself in touch with the 
most comprehensive service for custom-made 
hybrid ICs. An outstanding combination of 
advanced technology, innovation, expertise and 
more than 25 years of experience. 


In touch with a choice of technologies 
As one of the world’s largest electronic 
component manufacturers we can 
draw on an extensive range of 
resources to meet your needs 
precisely and economically. 
These include the latest 
production facilities 
to manufacture 
hybrids in both 
thick or thin 
film. 


Thick film 
is the cost- 
effective solution 
for rugged, dependable 
circuits required to operate 
over wide temperature ranges. 
Thin film is the technology for 
higher performance, higher component 
density hybrids. We can produce fine line 
resistor patterns down to 25 um and laser drilled 
through metallised substrate holes with 
diameters of only 0.3 mm, to allow very high 
circuit densities. 


In touch with tomorrow 

Choosing Philips means you also benefit from 
our large investments in research and 
development. For example, our new multi-layer 
thin film process is facilitating even denser 
component placement and is ideal for the 
interconnection of VLSI naked chips. 


In touch with total commitment 

Look no further than Philips for dedicated 
support and objective advice through every 

stage of your project. You will find it easy to get 
in touch with us; we have hybrid specialists in 
most European countries. For immediate service 
call one of our centres listed on this advertisement, 
or complete and post the coupon, today. 


Philips International BV, MC Department (Building BA), 
P.O. Box 218, 5600 MD Eindhoven, The Netherlands. 


Please send me full details of Philips Custom Hybrid ICs. 
My area of interest is: 

_] Wired communication |] Data processing 
_]Wireless communication [1] Aerospace 


_] Industrial automation (_] Other(s) please specify 


_] Consumer applications 
|| Automotive 

|] Medical 

Name EDN091588 Tr 7 
Position 
Company 
Address 


Tel. 


ke For custom hybrid ICs 
The name is Philips 


PHILIPS 
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we have br oh ideas for. 


NEON LAMPS MERCURY NEON LAMP ASSEMBLIES 
DIA.: 6mm. 5mm. 4mm, 3mm SWITCHES _1. Neon Lamps with Resistors and wires. 
TYPE: 1. Standard-Brightness 2. High-Brightness DIA: 5m. 6m. Euan s spss ae ewe ) 

3. Ultra- oe sane 4, Green (6mm, 4mm) — — 


| SUB-MINIATURE & 
_ MINIATURE LAMPS 
DIA.: T3/4, T1, T1 1/4, T1 3/4 (2.3mm, 3mm, 4mm, 5mm) 


TELEPHONE 
SLIDE LAMPS MANUFACTURER & EXPORTER 


TACHA! INDUSTRIAL CoO., LTD. 
TAIPEI! OFFICE: 

FL. 5, NO.486, MIN CHUNG E. RD. 
TAIPEI, TAIWAN, R.0.C. 

TEL: (02)5019747-8 

TELEX: 22965 TACHAICO 

FAX: 886-2-5057582 


If you want to see the real screens 
contact one of our distributors. 


AI.M. ELECTRONICS MACROTRON AG TOPWARD ELEC. INSTRUMENTS CO. 

376 Churchill, Suite 108 Stahl gruberring 28 No. 26, Gong 4th Road 
Ottawa, Ontario D-8000 Miinchen 82 Linkou 2nd Industrial Park 
Canada K1Z 5C3 Germany Taipei Hsien, Taiwan 
ARS MICROSYSTEMS LTD. MEDEA SRL TRACO ELECTRONIC AG 

Doman Road Via L. da Vinci, 143 Jenatschstrasse 1 

Camberley, Surrey Trezzano sul Naviglio (Milano) CH-8002 Zurich 

GU153DF United Kingdom Italy Switzerland 

GTS ENGINEERING SAINTEL UNIVERSAL INSTRUMENTS CO. 

5 Porters Avenue LOree d’Ecully Room 1408, Guardian House 

Eden Terrace Chemin de la Forestiere Oi Kwan Road 

Auckland, New Zealand 69130 Ecully, France Wanchai, Hong Kong 

JEROME & FRANCIS CO. LTD. SILICON INSTRUMENTATION YA-MAN LIMITED 

1869 Welch 705 Sims Drive #05-04 4-13-4 Hachobori 

No. Vancouver, B.C. Shun Li Industrial Complex Chuo-ku, Tokyo 104 

Canada V7P 1B7 Singapore 1438 Japan 

KENELEC (AUST) PTY. LTD. SOLUSTAN, INC. 

48 Henderson Road 320 Odhav Road 

Clayton, Victoria Ahmedabad 382410 

Australia 3168 India 


ECHO — a reality, not a promise. ARIUM 
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INow benchpress 


400 MUHz. 
Easy. 


Arium introduces The Tool for your bench. 
The 400 MHz logic analyzer at a price you can 
handle as easily as the ML4400 handles multiple 
pods simultaneously . . . starting at $4995. 

Arium does it again. 

We just redefined high-end logic analyzers in 
terms of low-end cost. With the 8/16/32-bit 
ML4400, you can combine up to four independent- 
clock cards (user-selectable) to get 16 channels at 
400 MHz, 64 channels at 100 MHz (synchronous), 
or 160 at 50 MHz (synchronous). That means you 
can now handle full-speed 68030s or 80386s, as well 
as 68020s and 8086s. And, uniquely, up to four dif- 
ferent microprocessors, simultaneously. That's speed 
our competition cant catch up with. Now for ease 
of use. 

Easy. Redefined. What does ease of use mean 
to you? If it means: Single key menu access to all 


me ETL Seance 
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pennant! 


ARIUM MLA4CC 
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screens. Complex triggering (Boolean, multilevel, 
repeat functions) with cross-triggering between state 
and timing, and between pods. Cross-time stamping. 
Transitional timing. All software resident . . . Then, 
you ll find them all, and more, in the ML4400. 

Why Arium? How can Arium be the first to put 
this much low-cost power on your bench? Because 
we ve always been first, ever since we redefined per- 
formance/price logic analyzers with our ML4100. 
When will the competition catch up with the per- 
formance/price of our new ML4400? Don't hold 
your breath. 

For more data on the new ML4400, as well as 
on our family of Arum 8/16/32-bit logic analyzers 
at prices as low as $2495, contact ARIUM CORPO- 
RATION, 1931 Wright Circle, Anaheim, CA 92806- 
6052. Telephone 800/TO-ARIUM ar, 
ae baa OE eel in meee eV 


Arium does it again! 
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PCM DATA RECORDERS 


Imagine a digital (PCM) data 
recorder using helical-scan 
technology. Compact, light (7kg) and truly portable. One that records 2, 4 or 8 
channels of data for two hours on a single, tiny DAT-format cassette. Imagine that it 
offers unparalleled accuracy, S/N ratios of 70dB, inter-channel phase skew within 5°, 
and operates happily on AC, DC or optional batteries. 
Now imagine a sudden need—the other side of the city, or the other side of the 
world—to record critically important data. Complex, phase-sensitive acoustics. 
A threatening burst of seismographic activity. Or a promising geological survey. 
Anything where lives, fortunes or reputations may be at stake. 
And relax. Reality—in the RD series—is everything, and more, that you could 
possibly have imagined. 


TEAC. 


TEAC CORPORATION: 3-7-3 Naka-cho, Musashino, Tokyo, 180 Japan 
Tel: (0422)52-5016 Tlx: 2822451 Fax: (0422)52-1390 


@ Canada, R.H. Nichols Co. Ltd. Tel: 416-851-8871 TIx: 06-964576 Fax: 416-851-6862 MH Korea, BANDO INDUSTRIES, LTD. Tel: (02) 735-1406 ~ 9 TIx: K26254 Fax:(02) 735-1479 MR.O.C., KAIZER 
TRADING CO.,LTD. Tel: (02) 506-0980 ~ 9 TIx: 21923 Fax: (02) 506-8181 M New Zealand, Northrop Instruments & Systems Limited Tel: 856-658 Tix: NZ 3380 Fax: 857-276 Australia, AWA 
Technology Group Tel: 888-9000 TIx: 22692 Fax: 888-9310 HM South Africa, SPESCOM TMS (Pty) Ltd. Tel: (011) 788-0530 Tix: 4-22541 Fax: (011) 880-1549 MH United Kingdom, INTERNATIONAL 
RECORDERS LTD. Tel: 04427 5959 TIx: 825946 M@ F.R. Germany, nbn Elektronik GmbH Tel: 08152/390 Tix: 526458 Fax: 08152-39140 @ Austria, nbn Elektronik GmbH Tel: 0316/40 28 05 TIx: 312664 
Fax:0316/40 25 06 @ Netherlands, SIMAC ELECTRONICS B.V. Tel: 040-582911 Tix:51037 Fax: 040-582707 Mi Belgium & Luxemburg, SIMAC ELECTRONICS SPRL Tel: 02-252.36.90 Tix: 23662 
Fax: 02-252.33.68 Mi France, TEKELEC AIRTRONICS S.A. Tel: (1) 4534-75-35 TIx:204552 Fax: (1) 4507-21-91 Mltaly, A.E.S.S.E.S.p.A. Tel: 02/5454.64.741-2-3 Tix: 312293 Fax: 02/545 0701 @ Spain, 
ATAIO Instrumentos S.A. Tel: 733 05 62-733 37 00 Tlx: 27249 Fax: 314-0485 lf Switzerland, nbn ELEKTRONIC AG Tel: 01/493 2144 TIx: 823812 H Denmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 
Tix: 43558 Fax: 03/66 20 30 Ml Sweden, KALIBER AB Tel: 46 8 38 03 50 Tix: 14077 Fax: 08-38 05 03 HM Norway, TELEINSTRUMENT A/S Tel: (02) 78 94 60 TIx: 72919 Fax: (02) 78 76 97 Ml Finland, 


INSTRUMENTARIUM ELEKTRONIIKKA Tel: 90-5284350 TIx: 124426 Fax: 90-524 986 


*If no distributor is listed above in your area, please contact us directly for further details about our products. 
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PC 1/0 BREAKTHROUGHS 


ys , 2 
Direct-to-Disk 
190KB/s Data Transfer 


PCI-20096S series DATASTREAM 
software drivers transfer huge 
amounts of data both to and from disk. 
Archives data for event analysis, envi- 
ronmental monitoring, etc. Operates 
with hard disk, RAM disks, floppy disks 
and tape drives. Available for BASIC, C 
and TURBO PASCAL. 


we Real-Time 
Industrial Control 
& Monitoring 


WieRBAICt 


LT/Control software (PCI-20097S-1) 
provides process control, data log- 
ging and process monitoring. Pro- 
vides for full-color animated, 
customized process-flow diagrams in 
real-time. Open loop and closed loop 
(PID) control algorithms included. No 
programming skills needed. 


Never before have PC data acquisition, test, 
measurement and control products offered so much 
performance for so little money. Plus, each member 
of this all new hardware and software line-up is fully 


we 
PC Expander 
Holds 7 Boards 


The PC Expander (PCI-20055H 
series) features easy-access 7-slot 
board expansion capacity with fan- 
cooled 200W power supply. Permits 
up to 600 channel data acquisition 
systems. Accepts other PC compati- 
ble expansion boards. PCI-20063A-1 
host interface board required. 


ys 
DSP Professional 
System Processes 
{ame PC Data 
200X Faster 


Tzpke 


Supercharged digital signal process- 
ing based on the industry standard 
Tl TMS3820C25 processor. Up to 
96KWords of on-board high speed 
memory with zero wait states. Pow- 
erful I/O options include analog |/O, 
digital |/O counters and timers. 
Extensive DSP software available. 


compatible with Burr-Brown’s extensive PCI-20000 
family, offering you the ultimate in flexibility and 
expandability. When it comes to PC data acquisition, 
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we te 
Analog & Digital 
SuperBoards 


BS 


Unequalled cost/performance plus 
FREE Basic Software drivers with: 
@ PCI-20093W-1 Analog Output 
Board with up to 31K ch/sec. 
8 channels, V or | output. 
= PCI-20089W-1 16/8 channel 
Analog Input Board with 32KHz 
sample rate and programmable 
ain. 
@ PCI-20087W-1 40 channel Digital 
I/O Board. 


we 
Relay Ladder Logic 
Software 


Process monitoring and control PCI- 
20073S-1 software converts your PC 
into a high-performance Program- 
mable Logic Controller. Features Relay 
Screen Editor and single-key selec- 
tion and entry of conventional Relay 
Ladder Symbols. Also includes Math 
Functions, Logic and Jumps, Pass- 
word Security and more. 


Burr-Brown is the price/performance leader. Send for 
your free PC Instrumentation Handbook and you ll 
understand why. Call 602/746-1111 or write Burr-Brown, 
1141 West Grant Road, MS131, Tucson, AZ 85705. 
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Whats so special about 
our 8 BIT microcontrollers? 


And it's no wonder they want 
to keep it to themselves. 
~ Not only is MHS one of the world 


leaders in CMOS microcontroller technology, 


with over 7 million units delivered to date. 
We're also one of the fastest suppliers, 
delivering both standard and customized 
parts to our customers’ doorsteps — 
anywhere in the world - in no time flat. 

lt would seem that they appreciate 
it Our customers have made us the No. 3 


supplier of 80051 microcontrollers worldwide. 


In Europe, they've made us No. 1. 

That's not all. The MHS product 
line gives our customers unrivalled freedom 
of choice. 


MATRA DESIGN SEMICONDUCTOR 
2895 Northwest Parkway 

SANTA CLARA CA 95015, USA 
Tel.. 408-986 9000 - Tix 299 656 


(Only our customers Know,for sure. 


Do they want 4, 8 
or 16 Kbytes of ROM? No problem. “ 
32 K? We can do it On-chip RAM: 128 ¢ or 
256 bytes? Their wish is our command. 


Part- ROM RAM Timers 
number (Kbytes) (bytes) 


Special features 


80051 4 128 2 Quick ROM 18 MHz 
80052 —s 8 256 3 Quick ROM 18 MHz 
83C154 16 256 3 Extra modes 
830158 32 256 3 Extra modes 
800752 4 128 2 Keyboard controller 


They can also choose from a range 


of operating clock speeds from zero all the 
way up to 18 Mhz, or from our fuil choice 
of packages and temperature ranges. Not to 
mention low-voltage (down to 2.7 V!) or 
“Secret ROM" versions. 


MATRA HARRIS SEMICONDUCTEURS 

BP 309 

78054 SAINT-QUENTIN-EN-YVELINES CEDEX 

FRANCE - Tel.: (1) 30.60.70.00 - Tx 697 317 
CIRCLE NO 209 


With the MHS “Quick ROM" 
service, they have customized samples or 
production parts sitting on their desks in just 
two or three weeks. ROMless 80031/32 
parts are there before they even know It. 

SO next time our customers get out 
of hand, you'll understand why. 


The best-kept secret 
in semiconductor technology. 


MHS. A subsidiary of the MATRA Group 
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Design Feature 


Circuit testability 
Is critical 
for product success 


Short time-to-market, increased perfor- 
mance in less space, and lower costs are the 
watchwords in today’s rapidly evolving de- 
sign environment. To meet these challenges, 
designers and those who supply them with 
the tools to do their jobs must ensure that 
their circuits can be tested quickly, efft- 
ciently, and economically. 


Jon Turino, Logical Solutions Technology Inc 


“In the past, it took a design engineer a long time to 
develop an untestable circuit design; now that design- 
ers have CAE, they can do it much more quickly.” This 
saying pretty much reflects how test engineers feel 
about the impact of CAE on today’s design environ- 
ment. But the advent of CAE tools has also moved the 
design engineer closer to the test problem—at least in 


the areas of design verification, logic simulation, and’ 


fault simulation. 

Many designers today still do not concern themselves 
with manufacturing and service-test times and costs. 
Smart design engineers, however, are beginning to 
realize that including testability in their designs saves 
them time and money during the actual circuit design 
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cycle. They also realize that designs incorporating basic 
testability features make their lives easier and help 
ensure that the products they design are successful in 
an increasingly competitive world marketplace. 

This reasoning sounds like a valid rationale for testa- 
bility. But before you can design for testability, you 
have to know what testability is. 


So what is testability? 


You ean define testability a number of ways, but two 
definitions stand out and make the most sense to 
engineers. First, there’s the business definition of 
testability—a concerted corporate effort to minimize 
costs and maximize efficiency throughout the total 
business cycle, from product concept through design, 
manufacture, and service. Teamwork and trade-offs, in 
other words. Secondly, you have the qualitative defini- 
tion. By this definition, testability is measured by how 
easy it is to write and execute a comprehensive perfor- 
mance-test program—one that easily detects and iso- 
lates faults on defective units. However you define it, 
testability attributes boil down to three basics—parti- 
tioning, control, and visibility. 

To understand the importance of testability, especial- 
ly in the face of increasing circuit complexity, it is 
important to understand the functional test process for 
circuits. To evaluate circuits, test engineers typically 
apply stimulus vectors to circuit inputs and monitor 
response vectors at circuit outputs to ensure that they 
can detect and isolate all faults that could prevent 
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To understand the importance of testabil- 
ty, you must first understand how circuits 
ave tested. 
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Fig 1—Complex circuit designs without testability features (a) can be extremely hard to verify, simulate, and test or troubleshoot. Add a few 
gates, some extra control inputs and visibility outputs, (b) and you partition the circuit into smaller functional blocks. These additions make 
it easier to activate and propagate faults in the circuit. | ; 
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proper circuit operation. They apply these stimulus 
vectors to activate faults. When the resulting logic 
activity from potentially faulty nodes propagates to 
circuit output pins, or test points, test engineers can 
readily detect all activated faults. With simple circuits, 
this task is relatively trivial. 

But consider the case of a possible fault at the output 
of IC; in Fig la. It may not be difficult to activate the 
fault, that is, develop the appropriate stimulus vectors 
to determine whether or not IC3’s output is latched at 
zero or one, because the only path to IC; is through IC. 
As long as IC, sends no signals back through the 
feedback loop that conflict with the stimulus signals at 
IC;’s inputs, there are no problems. 

However, propagating IC;’s response to the stimulus 
patterns to the circuit output is another story altogeth- 
er. There’s only one way to ensure that IC;’s response 
to the stimulus vectors propagates to IC's output—you 
must activate all other IC’s in the circuit. Since a 
complex circuit like Fig 1a could well involve pPs, large 
ROMs and RAMs, peripheral chips, and very powerful 
ASICs, the design verification and testing tasks are 
indeed formidable. Here’s where testability basics come 
to the rescue. 


Partitioning makes things a lot easier 


Partitioning, or breaking a circuit into smaller func- 
tional blocks or clusters, significantly improves circuit 
testability. Smaller functional blocks are easier to un- 
derstand and, therefore, simplify the task of writing 
design verification and test vectors. Simply stated, 
smaller blocks are easier to simulate and easier to test 
and troubleshoot. To achieve the necessary control, it’s 
important to directly access critical internal circuit 
nodes to an automatic-test-equipment (ATE) or built- 
in-test (BIT) interface. Such access makes it easier to 
partition and directly initialize circuits, which reduces 
the time, effort, and cost aspects of the design-verifica- 
tion and test activities. Visibility is the key ingredient 
here. High visibility speeds up the simulation process, 
increases fault coverage, and increases troubleshooting 
and debugging speed and accuracy. 

Adding four gates, five control points, and four 
visibility points (Fig 1b) provides the desired partition- 
ing, control, and visibility. In two cases, the extra gates 
are in series with the functional circuitry, and they 
could impact circuit performance and reliability. The 
remaining testability circuitry parallels the functional 
circuitry and thus has no impact on circuit performance 
and minimal impact on circuit reliability. 
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But these minor additions have a great impact on 
testability. First, the reset input will immediately 
initialize the circuit in Fig 1b—there’s no need to go 
through any long initialization sequences to establish 
known logic levels at all internal nodes. Secondly, long 
counter chains are broken up reducing the number of 
logic levels needed to sequentially stimulate the circuit, 
as well as the number of test patterns (and, therefore, 
simulation events) necessary to exercise the circuit. The 
feedback loop has also been broken to eliminate any 
contention between ICs on the board and the circuits’ 
primary input pins. Finally, several internal nodes have 
been brought out to test, or visibility, points to reduce 
the fault propagation task. The task of verifying circuit 
performance and detecting faults is now orders of 
magnitude faster, easier, and less expensive then it was 
for the circuit in Fig la—all achieved with minimum 
impact on circuit design time and costs, minimum 
impact on circuit performance and reliability, and mini- 
mum extra-parts cost and real-estate penalties. 


A look at some testability alternatives 


Once you embrace the concept of testability as a 
critical product-design requirement, you must then 
figure out how to implement it. Basically, there are four 
alternative implementation techniques—serial-only 
techniques, ad-hoc techniques, probe-ability ap- 
proaches, and a structured testability-bus approach 
that might incorporate a combination of both the serial- 
only and ad-hoc techniques. 

Serial-only, or scan, design techniques were original- 
ly developed for LSI/VLSI devices and serve extremely 
well in those applications. The serial-only technique has 
one main advantage—it requires the absolute minimum ° 
number of extra device package pins to implement. 
Fully structured scan techniques also lend themselves 
to automated design-synthesis and automated test- 
pattern generation. This compatibility significantly re- 
duces the need for designers to learn testability tech- 
niques and how to generate design-verification and 
production-test stimulus vectors. Techniques such as 
LSSD (level sensitive scan design), Scan Path, and 
Sean/Set are readily available from many ASIC ven- 
dors, and you should certainly use them whenever 
you're designing a new chip. Each will make the chip 
more testable. 

Boundary Scan is another serial-only technique that’s 
gaining world-wide popularity. In addition to improv- 
ing chip testability, Boundary Scan also makes testing 
interconnections and detecting manufacturing defects 
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Basically, there are four testability wmple- 
mentation techniques—serial-only tech- 
niques, ad-hoc techniques, probe-ability 
techniques, and testability-bus techniques. 


on loaded pe boards more economical. The JTAG (Joint 
Test Action Group, whose members include major Eu- 
ropean and U.S. semiconductor users) and the TBSC 
(the IEEE P1149 Testability Bus Standardization Com- 
mittee) have launched a concerted effort to persuade all 
major merchant semiconductor manufacturers to in- 
clude at least the minimum JTAG port circuitry in all 
new standard device designs. 

The groups’ goal is to make all devices scannable to 
minimize, or eliminate, the need to use bed-of-nails 
fixtures for testing at the board level. Ongoing discus- 
sions between JTAG, TBSC, and the various developers 
of VHSIC chips have led to the creation of a powerful 
P1149.1 subset interface that supports Boundary Scan 
as well as on-chip and on-board functional testing 
needs. 

However, a fully structured serial-only technique 
may not be the solution for everyone. With fully struc- 
tured serial-only techniques, all devices in a given 
board design must be scannable and have compatible 
communication protocols (Fig 2a). In light of device 
availability and circuit performance requirements, it is 
not easy to meet these requirements—it may be several 
years before all devices include scan capability and can 
accommodate the extra I/O delays inherent in the 
Boundary Scan technique. In addition, implementing a 
powerful on-chip serial-only testability technique can 
increase silicon overhead by 10 to 22% and require long 
test sequences that might provide only ambiguous fault 
isolation (Fig 2b). 

Ad-hoc testability implementation techniques also 
have their advantages and disadvantages. On the plus 
side, ad-hoc techniques accommodate many different 
design requirements, and they lack structure. But this 
lack of structure also creates problems. An ad-hoc 
implementation often requires many discrete I/O con- 
nections, so success depends on how well test engineers 
can use their technical and communications skills to 
convince designers that they actually require all these 
discrete test points. 

An additional way to provide manufacturing-defects- 
level testability at the board level is to make sure that 
the probes of a bed-of-nails test fixture contact every 
node on the board. Having access to every node elimi- 
nates the need for functional testability in some cases 
but does little or nothing to provide functional, or 
performance, testing of increasingly high-speed boards 
or the systems they go into. However, as more and 
more designers introduce SMT into products, providing 
for probe-ability is likely to take more space on boards 
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(Fig 3) than implementing the actual functional testa- 
bility that reduces design verification/debug time and 
board/system-level functional, performance, and built- 
in testing. 

The above discussion indicates that you must make a 
compromise. Overhead for testability (circuitry, I/O 
pins, and spacing) is an issue, as are circuit perfor- 
mance, reliability, power consumption, component 
availability, and design flexibility. To simplify the situ- 
ation, the IEEE is developing a standard testability bus 


Fig 2—Serial-only testability schemes work well at the device level 
because they require very few dedicated pins for the testability 
interface (a). Given the number of nonscannable chips present in 
today’s designs (b), dependance on a serial-only approach can lead to 
incomplete fault coverage. 
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TABLE 1—PROPOSED ‘STANDARD 
TESTABILITY BUS LINE DEFINITIONS | 


— -P1149.1 
__MSDS 


fo 


(Fig 4). The proposed standard testability bus (cur- 
rently designated as IHNEE P1149) is designed to han- 
dle almost any combination of serial, ad-hoc, and combi- 
nation digital/analog testability requirements and still 
’ provide designers with as much flexibility as possible in 
component selection, circuit overhead, I/O line over- 
head, and circuit design. 

The currently defined lines of the proposed standard 
testability bus are detailed in Table 1. There are four 
subsets to the bus. One subset (P1149.1) handles 
Boundary Scan and its extensions to on-chip ports for 
self test and built-in test. The next subset (P1149.2) 
takes into account such existing serially structured 
testability techniques as LSSD, Scan Path, Scan/Set, 
and incomplete scan path. The third subset (P1149.3) 
offers the capability for real-time digital input and 
output to and from unit under test (UUT) circuit nodes, 
on an addressable basis, from external ATE or internal 
or external BIT or BITE resources. This subset will 


0.050” CENTER DEVICE PINS 


0.100” CENTER PROBE PINS 
NOMINAL DEVICE WIDTH ON BOARD 


7 (20 TO 50% PENALTY) [Device SPACE FOR PROBE-ABILITY 


Fig 3—You can help implement in-circuit testing of SMT-type 
designs by spreading out traces and adding test points that ease 
access for a bed-of-nails test fixture. Unfortunately, this scheme will 
require lots of extra board space and provide little or no help when it 
comes to system-level functional testing. 
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handle combinations of structured and unstructured 
(ad-hoc) testability techniques and the various proto- 
cols that they require. The fourth (P1149.4) subset 
provides for real time input and output of analog signals 

without on-chip or on-board D/A or A/D converters. 
The testability bus allows a designer to decide on an 
application-specific basis what the circuit overhead will 
be to make a design testable versus how many I/O lines 
of the testability bus will be required. Obviously, the 
more bus lines implemented, the simpler the testability 
circuitry required to implement them. Conversely, 
fewer implemented bus lines will increase the amount of 
Text continued on pg 226 
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Fig 4—To handle virtually any combination of scannable and 
nonscannable devices, you can add some control and visibility 
circuits to implement a testability bus. 
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Dual function circuits simplify matters 


Testability is not always synony- 
mous with extra parts on a 
board. In some cases, you can 
replace a standard logic compo- 
nent (such as a shift register, 
addressable latch, multiplexer, 
or decoder) with a testable ver- 
sion of the same circuit. This ex- 
change provides a testability 
port without impacting the cir- 
cuit’s design or performance. In 
addition, the impact on parts 
cost, parts count, and board 
space is minimal. 
Control and visibility circuits 
(Figs A and B) available from 
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Logical Solutions provide just 
such features. If the circuit 
needs the shift register for 


board functionality, you can use 


the real-time addressable-control 
or observation ports for the test- 
ability interface. If performance 
specs require the latch, multi- 
plexer, or decoder functions, you 
can use the serial input and out- 
put lines for testability. 

So while testable functional 
components may have a few 
more pins than their typically 
untestable standard counter- 
parts, they do not require dedi- 
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cated board space (Fig C). De- 
signers and test engineers can 
thus have the best of both 
worlds with minimal impact on 
circuit design parameters, cir- 
cuit reliability, board space, 
size, weight, and power con- 
sumption—testability at almost 
no extra cost. 
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fig A—Providing both functional performance and a testability interface, this control circuit has both a shift rotator and a 1-to-82 
demultiplexer that converts it to an addressable latch. 
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Fig B—This visibility circuit also has two built-in functions—a shift register and a 1-of-32 multiplexer. One section provides the 
necessary circuit performance, and the other provides simultaneous on-line monitoring of critical circuit nodes. 
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Fig C—Testability does not always take dedicated added components. You can replace untestable single-function components with 
testable functional circuits to provide for good testability implementation with virtually no real-estate or parts-cost penalties. 
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Flexibility holds the key to the potential 
success of a testability-bus approach as a 
testability implementation technique. 


on-chip or on-board circuitry needed to decode serial 
signal commands into actual UUT testability actions. 

Flexibility holds the key to the potential success of 
the testability-bus approach. Bus implementation has 
little impact on circuit design. Simply partition a de- 
sign, add some control and visibility, and provide the 
test access via a standard testability-bus interface. In 
essence, the testability-bus approach lets you add 
structure (as far as design verification and testing are 
concerned) to an inherently unstructured circuit de- 
sign. Designers can trade-off testability-bus I/O pin 
requirements against circuit overhead requirements on 
a case by case basis and still achieve the required 
testability parameters. At device level, a minimum-I/O- 
pin approach makes the best sense since gates are 
cheap on the device and package pins are expensive. At 
board and system level, a wider-I/O-pin approach 
makes the best sense since extra parts, conflicting 
device testability protocols, and the mix of testable and 
untestable components can be expensive. On the other 
hand, it is relatively easy to find some extra I/O pins on 
a board edge connector or to implement a dedicated 
testability-bus connector or socket. 

Fig 5 and Fig 6 show two possible testability-bus 
implementations. In Fig 5, external ATE or BITE 
utilizes the testability bus. The interface circuitry be- 
tween the testability bus and the test resource can 
accommodate scannable and nonscannable devices, di- 
agnose faults in the scan path, and provide a two-port 
interface that allows you to check the testability circuit- 
ry itself. Configured as shown, the testability circuits 
can partition, control, and observe individual scannable 
devices. This capability reduces test pattern (and, 
subsequently, logic simulation and fault simulation) 
times and costs while also reducing the size of the 
ambiguity group of possible faulty components. This 
last feature is especially important considering the 
specifications the military is imposing on new aero- 
space/defense designs and the high cost associated with 
replacing the wrong (and increasingly expensive) com- 
ponent in custom commercial circuitry designed to 
make reverse engineering more difficult. 

The configuration in Fig 6 treats the testability bus 
as a peripheral to either a dedicated built-in test 
processor or the main board processor which has a 
portion of ROM dedicated to built-in or self test code. In 
the case of a dedicated BIT processor, there is no 
impact on system performance and there are two ports 
into the functional circuitry—the normal port and the 
testability port. By using the main processor for BIT as 
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well as functionality, it would not be possible to distin- 
guish between a failure of the BIT circuitry and the 
functional circuitry. Thus, a two port system is always 
the best choice. Depending upon the trade-off between 
the number of implemented testability-bus lines and 
circuit overhead, you might be able to use A/D or D/A 
converters, or analog multiplexers and FET switches, 
to deal with analog circuit signals directly. 

These examples illustrate only two of a multitude of 
possible testability implementations which have mini- 
mal impact on circuit performance and overhead. The 
point is that testability does not have to be expensive in 
terms of any design parameter. It just takes a little 
thought during design to make sure that the best 
designs, from a functional and performance standpoint, 
are also testable. 


Selecting test points 


Regardless of which interface techniques you use, 
guidelines for selecting critical-control and visibility 
test points are pretty standard. Typically, you assign 
control points, or points that actively drive functional 
circuit nodes, to Reset (or equivalent) lines of sequen- 
tial devices. Thus you directly and immediately 
initialize the circuit. A logic circuit that’s impossible to 
initialize is very difficult to simulate, test, and trouble- 
shoot, so initialization signals get high priority when it 
comes to test points. 

Next in line as potential test points are clock-control 
lines. Many UUTs have on-board clocks that run faster 
than the ATE that’s characterizing them. Thus it’s 
important to have a control signal to inhibit the on- 
board clock and allow the tester to supply its own clock. 
This approach may reduce fault coverage for dynamic 
timing-related faults by one to three percent, but it 
may also mean the difference between being able to use 
existing ATE or being forced to spend $500,000 to $1.5 
million for a new tester. 

It’s also important to provide ATE or BIT interface 
access to 3-state control lines and chip-select lines. By 
improving partitioning, access to these lines makes it 
easier to generate test programs and isolate faults. 
Control lines on VLSI devices are also important. You 
must be able to control lines like Hold, Wait, and 
Ready. Finally, you should provide individual control 
for any scan inputs, test mode select lines, and scan 
chain clocks on ASICs and other seannable devices. 

Important visibility points also include scan out lines 
of scannable devices and fan-in and fan-out points in the 
UUT circuitry. A fan-in point is a node where many 
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NCR standard switching power systems are 
designed for the long haul — with demonstrated 
MTBF in excess of 75,000 hours! 


That remarkable reliability figure applies to 
the entire NCR switcher line, from 100 to 500 
watts with one to four outputs. Safety and EMI 
performance meet UL, FCC, CSA and TUV 
(VDE) standards. 


NCR standards also include power-fail signal, 
over-voltage protection, over-current protection 
and other performance safeguards. 


And, if NCR’s standard switchers don't fit 
your requirement precisely, ask about our 
impressive custom and semi-custom power 
system capability. 
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Better Power System Mileage... 
A Standard from NCR 


CIRCLE NO 210 


75,000 hours MTBF, full safety/EMI certification, 
on-line performance safeguards and custom or 
semi-custom design capability — add them up 
and they mean lowest cost of ownership. That 
makes NCR your best buy for power switchers. 


For more information 
contact NCR Power 
Systems, 3200 

Lake Emma Road, 

Lake Mary, FL 32746-3393. 
Telephone 800/327-7612, in FL 407/323-9250 


NEW SWITCHER CATALOG! 
Fullline... fulldetails. For your 
free catalog and the NCR guide 
to power system reliability, 

write us or use the reader 
service number below. 


It takes gust a little thought during design 
to make sure that the best designs, from a 
functional and performance standpoint, are 
also testable. 


signals converge into a signal node; a fan-out point is a 
node where a particularly significant signal drives 
several diverging logic paths. There’s one particularly 
good rule of thumb for selecting permanently accessible 
visibility points: if youw’re going to connect an instru- 
ment or logic analyzer to a point in the circuitry to help 
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debug a prototype, make that point a permanent test 
point. 

Finally, choose test points that partition the design 
into logic blocks using the cut-it-in-half approach. In 
other words, put the first test point in the logical 
mid-point of the circuitry to partition it into two seg- 
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Fig 5—To make a complex circuit more testable, you can add control and visibility circuits or replace typically untestable standard logic 
with equivalent-function circuits that also provide a testability-bus interface. In this particular case, the interface is designed for external 
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Testability, like anything else, is not free; 
but tt does pay large dividends. 


ments. Next, split each of the first two partitions by 
placing visibility points in their logical middles. Contin- 
ue the cut-it-in-half process until you either use all 
available test points or achieve adequate fault-isolation 
resolution. Make sure to route critical VLSI device 
output lines—status lines, address and data latch lines, 
strobe lines, and sync output lines—to the test interface. 
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SCAN PATH REAL TIME MONITOR LINE 


NON-SCAN DEVICE REAL TIME. CONTROL & MONITOR 
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TBUS ADDRESS & REAL TIME PINS : 


Testability is no longer just a designer’s way of 
appeasing test engineers. Given the increasing com- 
plexity of today’s circuit designs, testability is an 
absolute design attribute—it will save design engineer- 
ing time and money and also reduce test and service 
costs. ASIC’s typically feature a number of extra gates, 
and there are circuits available today that provide 
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SERIAL 
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ON-BOARD T-BUS CAN USE 
PROCESSOR DATA AND 
ADDRESS BUSSES AND SERIAL 
I/O PORT. THE T-BUS IS 

JUST ANOTHER PERIPHERAL 
DEVICE 


__NON-SCAN 
ASIC CHIP 


Fig 6—To provide a complete self-test capability for both analog and digital circuitry, you could add a dedicated built-in test processor to the 
board. You could accomplish the same thing by using a portion of the main wP’s capabilities and some dedicated on-board ROM space. 
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The High Performance 


Gigahertz Relay 


¢ RF switching through 4 GHz 
¢ Magnetic latching cuts power drain 


¢ Convenient Centigrid® package 


¢ Military and commercial versions 


The TO-5 family of relays 
were always good in RF switching 
applications. We didn’t plan it that 
way. It just happened. Low inter- 
contact capacitance. Low inser- 
tion loss. Up through 500 MHz. 
No problem. 

But then you wanted to go 
even higher. You wanted gigahertz 
performance. And not just 1 GHz, 
but 3 or 4. That took some serious 
doing. But our combination of 


ACTUAL SIZE 


experience and innovation was 
equal to the task. We married our 
two decades of TO-5 technology 
with some new techniques we 
developed to enhance the RF 
characteristics. The result? We 
were able td extend the relay’s 
performance from the MHz range 


to the GHz range. And handle RF 
switching functions all the way up. 


to 4 GHz. With intercontact isola- 


tion even higher and insertion loss 
even lower than in the MHz range. 
The high performance 

gigahertz Centigrid relay. It will 
handle your toughest RF switch- 
ing assignments, especially when 
power drain is critical. Call or 
write today for complete details. 


TELEDYNE RELAYS 


innovations In Switching Technology 


Teledyne Relays, 12525 Daphne Ave., Hawthorne, California 90250 « (213) 777-0077/European Headquarters: W. Germany: Abraham Lincoln 


Strasse 38-42, 6200 Wiesbaden/Belgium: 181 Chaussee de la Hulpe, 1170 Brussels/U.K.: The Harlequin Centre, Southall Lane, Southall, Middlesex, 
UB2 5NH/ Japan: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo 150/France: 85-87 Rue Anatole-France, 92300 Levallois-Perret. 
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Partitioning, or breaking a circuit into 
smaller functional blocks or clusters, signif- 
icantly improves circuit testability. 


TABLE 2—TESTABILITY COST - 
CONSIDERATIONS : 


MAJOR COST 
CATEGORY 


ITEM DESIGN COST 
(PER QTY) | 
ITEM PARTS COST (EACH) 
ITEM PROGRAMMING COST | 
(PQ) _ $150.00 
ITEM FIXTURING COST (PQ) |  $ 25.00 
ITEM TESTING COST (EA) | $ 5.00 
ITEM DIAGNOSTIC COST | 
(AVG EA) 
_ ITEM REWORK COST 
(AVG EA) 
ITEM TEST EQUIPMENT COST/ 
(PQ) 
TOTAL PRODUCT COST 
PER ITEM 


WITHOUT : 
TESTABILITY TESTABILITY _ 


$105. 00 | 


ee _. 
$312.00 


$300.00 
$7500 ~~ 
$ 500 

$ 3.00 

~ $ 20.00 $ 10.00 
| $2000 $ 10.00 


. $640.00 


NOTES: LOW VOLUME, WIDE VARIETY EXAMPLE (150 ic 
| BOARDS) _— 
25 NEW DESIGNS PER YEAR, 200 OF EACH TYPE BUILT 
PER YEAR 
ATE AMORTIZED OVER 5,000 BOARDS, OTHER TEMS 
OVER 200 EA. -. 
SAVINGS/YR = $110/BD x 5,000 BDS = = -$550,000/YR 


board-level testability ports. With this array of solu- 
tions available, the overhead required to implement 
adequate basic inherent testability need only take up 
one to three percent of overall board space. This loss of 
board space is a small price to pay when you consider 
that without such an investment, it may be impossible 
to verify a design or to economically test it in a 
production environment. 

Like anything else, testability is not free. But it does 
pay large dividends (Table 2). You simply must consid- 
er and implement testability features in new designs 
just as carefully as regular circuit performance fea- 
tures. It’s also extremely important to remember that 
the testability design process and the functional circuit 
design process are inextricably linked and must be done 
in parallel. Taking an after-the-fact approach to testa- 
bility almost always results in a less than optimum 
solution for both design and test. 

Products of the 1990s will need increasingly smarter 
design strategies. Designing testability in early will 
get those products to market sooner without seriously 
impacting product design. Testability will make it pos- 
sible to isolate unambiguous faults with far fewer test 
patterns and much shorter test times. Higher fault 
coverage figures will produce a higher quality product 
—a product where there is less chance that a significant 
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number of customers will find latent faults out in the 
field. Built-in test features will make new designs more 
attractive to new customers and result in lower costs for 
the product’s manufacturer. In short, designing for 
testability is a win-win strategy for design engineers, 
test engineers, and customers. EDN 


Author’s biography 


Jon Turino is founder and president of 
Logical Solutions Technology, Inc 
(Campbell, CA). He has given semi- 
nars and consulted on testability 
world-wide for the past ten years. 
Prior to founding the company in 
1978, Jon worked for Fluke, Xerox, 
and Tektronix. He is a founder and 
past president of the American Society 
of Test Engineers, a Fellow in the In- 
stitute for Quality Assurance, and Co- 
Chair of the IEEE P1149 Testability 
Bus Standardization Committee. Jon 
is a frequent speaker at major domes- 
tic and international technical confer- 
ences and the author of three books 
and numerous papers and articles 
dealing with test and testability topics. 
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Washing of printed circuit boards carrying glass 
tube fuses has long posed an open-ended 
problem: every ‘‘nth” fuse will fill with washing 
fluid. Compromising performance and creating 
field problems. Hf An expensive solution has 
been to substitute dummies for the fuses before 
washing and replace them with fuses afterwards. 
Now Bussmann offers glass tube fuses which 
are sealed against moisture—avoiding field 
problems and eliminating extra manufacturing 


steps. It’s the same glass fuse you’re using, the 


same footprint but with one important difference. 
M@ For test samples contact Bussmann Division, 
Cooper Industries, P.O. Box 14460, St. Louis, MO 
63178, (314) 394-2877. 


COOPER 


INDUSTRIES 


BREAKTHROUGH 


BY BUSSMANN 


New BUSSMANN sealed glass tube fuses are available pre-in- 
serted into PCB clips and assembled into trays to maintain 
registration during shipment. Now you can order, inventory 
and install one part number instead of three. And insure 
reliable fuse performance in your product while reducing 
manufacturing cost. 


ZJ BUSSMANN 
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Tired of trying to put 
a10-lb. switcher ina 5-lb. bag? 


Boost Converter (5V to 12V) 


GND 


Telecom Converter (— 48V to 5V) 


Vout 
5V, 0.75A 


44k 
LT1072 


1.24k 


Vin *REQUIRED IF INPUT LEADS >2” 
—20V TO —56V 


30 McCarthy Bh 
5035. Or call 
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EDITED BY CHARLES H SMALL 


Stimulater provides constant current 


J Millar and T G Barnett 
The London Hospital Medical College, London, 
England 


Most circuits that provide an electrical stimulus for 
research subjects are constant-voltage designs; the cir- 
cuit in Fig 1 is a constant-current design. Stimulater 
circuits must be isolated for two reasons: to ensure 
safety and to minimize interference. Isolated stimulat- 
ers are essentially 2-terminal devices; output current 
can flow only between the two output terminals and 
can at no time flow through any other path, such as 
the power ground. 

The circuit’s bandwidth ranges from 50 Hz to 5 kHz 
when a +1V sinusoidal input drives the circuit. Output 
loads can range from a short circuit to 100 kQ and 
have as much as 0.033-yF of parallel capacitance. The 
transformer and associated circuitry conveniently con- 
nect to the main circuit via a cable. Note: This circuit 


© 1. IC3 IS LH0021. 
CURRENT 2. IC7 IS AD202UY. 
OUTPUT 
MONITOR 


is not approved for use on human beings. 

Operational amplifiers, IC; and ICg, buffer and set 
the gain of the circuit, respectively. You adjust trim- 
mer Rj so that Rg, a 10-turn pot, yields output currents 
ranging from 0 to 1 mA/Vqj. IC3 is a power op amp. 
Its output drives the primary of a transformer that 
has a current gain of 0.1—or a voltage gain of 10. 
Operating from a +15V supply, the transformer there- 
fore has a voltage compliance of + 150V. 

The circuit senses not only the current supplied to 
the transformer but also the current in the trans- 
former’s secondary. IC7, a fully isolated, medical-grade 
amplifier, provides the isolated feedback signal (the 
op amp has its own built-in isolation transformer). 
Trimmer Rg sets the feedback gain precisely (27 kO 
nominal). 
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CURRENT 
SENSE 


> CASE 


| isoLaTreD “og 


3. IC, ICo, IC5, AND ICg ARE EACH %4TLO74CN. 
4. LT4519 IS FROM LOUTH TRANSFORMER CO, LOUTH, LINCOLNSHIRE, ENGLAND. 


Fig 1—Although most isolated biomedical stimulaters provide a constant-voltage stimulus, this circuit generates a constant-current 


stimulus. 
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EMI SHIELDING AT A FAST CLIP 


Meeting FCC/VDE require- 
ments is quick and simple with 
Chomerics’ low-cost clip-on 
EMI gaskets. Each combines 
Chomerics quality and technol- 
ogy with labor-saving attach- 
ment mechanisms. All are 
available off-the-shelf. 


Five configurations feature our 
new CHO-SEAL® 1000 series con- 
ductive elastomers, priced at a 
fraction of their military counter- 
parts. They deliver up to 60dB of 
shielding from 30MHz to 1GHz, 
even when deflected only 25% 
under low closure force. 


Our METALKLIP™ gaskets offer 
a choice of wire mesh-over- 
elastomer, or hollow carbon- 
filled silicone. 


CLIP THIS FOR FREE CLIP SAMPLES. 


Clip this to your letterhead. We’ll send you 
I samples for evaluation. We make choosing 
j EMI shielding a snap. 


| FREE: SELECT UP TO THREE 


l Chomerics, Inc. 
77 Dragon Court ¢ Woburn, MA 01888-4014 


oe 


i CHO-SEAL® 1000 (_] Aluminum Frame : 
Gaskets Mount : 
| LJ Plastic Clip, Black METALKLIP™ 
LJ Plastic Clip, White Gaskets 
| UI Steel Clip — (] Mesh-Over- i 
; a ee Shield Elastomer : 
_] Carbon-Filled 
| Silicone = ‘ 
i Name i 
| Job Function 
7 Company | 
; Dept ‘ 
j Address | 
i City l 
l State Zip l 
Tel: ( ) | 
| 


Chomerics, Inc. 

77 Dragon Court 
Woburn, MA 01888-4014 
TEL: 800-225-1936 

(In MA: 617-935-4850) 
TWX: 710-393-0173 


© Chomerics, Inc. 1988 
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CHO-SEAL® 1000 
GASKETS 


1&2. Plastic Clip. Streamlined, 
rigid PVC clip is UL94V-0 rated. 
Tan or blue elastomer with choice 
of white or black clip and two 
grip ranges. Closure force as low 
as | lb/in. 


3. Stainless Steel Clip. Series 
302/304 SS clip has sharp tines 
which bite through paint or oxide 
for electrical contact. Closure 
force as low as 1 Ib/in. Avail- 
able mitered. 


4. Stick-On Shield & Seal. Co- 
extruded conductive/noncon- 
ductive elastomers provide best 
environmental seal. Permanently 
mounts with pressure-sensitive 
adhesive. Closure force as low 

as 3 Ib/in. 


®». Aluminum Frame Mount. 
Positive mechanical mount with 
screws or pop rivets. Built-in 
compression stop. Metal-to-metal 
contact. Ultra low closure force— 
0.8 lb/in. Available pre-drilled, 
mitered, and painted. 


METALKLIP™ GASKETS 


6. Mesh-Over-Elastomer. 
Choice of monel or Ferrex® 

wire mesh over sponge or hollow 
elastomer core. Up to 90dB 
shielding from 10MHz to 1GHz. 
Sharp tines in SS clip bite through 
paint or oxide. 


7. Carbon-Filled Silicone. 
UL94V-0 rated hollow gasket 
in the same series 302/304 SS 
clip. Lowest cost, for lower 
shielding requirements with 
low closure force. 


CHOMIERICS« 


Chomerics (UK) Ltd. Chomerics GmbH 
Unit 8, First Avenue Postfach 320208 
Globe Park Industrial Estate Moltkestrasse 32 
Marlow, Bucks., SL7 1YA 4000 Dusseldorf 30, 
ENGLAND WEST GERMANY 
Tel: (06284) 6030 Tel: 0211/488001 


Telex: 849817 CHOMER G Telex: 8589743 CHOM D 
CIRCLE NO 219 


a GRACE company 


Chomerics S.A. 

Rue Jacques Brel 

Zone Industrielle Les Bellevues 
95610 Eragny-sur-Oise 
FRANCE 

Tel: (1) 30.37.63.30 

Telex: 608255F CHOMESA 
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Diagrams convert optical units 


Dan G Sporea 
Central Institute of Physics, Magurele, Romania 


If you work with electro optics, you may find yourself 
puzzled by the many unfamiliar units of measurement 
for illuminance and luminance. The simple diagrams 
in Figs 1 and 2 can help you convert such units. Fig 
1 is for illuminance units, and Fig 2 is for luminance 
units. Using the diagrams is easy: Simply find the 
arrow going from the unit you want to convert to the 
unit you want to convert to. The arrow bears the ap- 
propriate conversion factor. 
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Fig 2—You can use this diagram to convert luminance units. 
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Fig 1—This diagram supplies conversion factors for various illumi- 
nance units. 
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Fast algorithm determines priority 


Dhananjay Bal Sathe 
Kanazia Digital Systems, Bombay, India 


Starting with an 8-bit mask that represents priority 
levels, you can find the number of the task that corre- 
sponds to the highest, asserted priority bit in just one 
or two programming steps. This method is significantly 
faster than the one presented in “Algorithm deter- 
mines high priority task” (S Murugesan, EDN, April 
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14, 1988, pg 233). But you must be willing to trade 
some memory space in order to gain the speed advan- 
tage. 

Listing 1 shows a 256-byte table and the pseudocode 
you can use to access the table. The table embodies a 
very simple principle: Whenever you access the table 
using the priority-bit mask as an index, the table re- 
turns the task number corresponding to the highest- 
order bit set in the mask. Notice, for example, that 
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task 6 occupies all address locations corresponding to 
001xxx9. 

Listing 2 shows a useful variation on Listing 1’s 
scheme. You can cut the table’s size in half by first 
testing for the highest-priority task before accessing 
the table. Table 1 details the program-execution and 
space tradeoffs for the three schemes. 
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load-insens 
mixers 


1 to 500 MHZ trom $1999 


¢ 2-tone, 3rd order IM insensitive to IF load * Conversion Gain * VSWR 1.2:1 IF/RF ports 


That’s right...Mini-Circuits’ new UNCL-X series mixers are SPECIFICATIONS UNCL-X1 UNCL-X1MH 
insensitive to IF load variations, provide gain rather than conversion FREQUENCY RANGE, MHz 
x loss, and have excellent IF and RF port VSWR. LO, RF 4-500 1-500 
R How’s it done? By adding a proprietary low- IF 40-500 40-500 
noise, high-level amplifier to the output of a 
{ well-designed mixer, in the same package. OE ee 
Mid-band (10-250 MHz) 1.0 2.5 
Two versions are available...the UNCL-X1 for +7 dBm LO Total range (1-500MHz) 0.5 20 
operation and the UNCL-X1MH for +13 dBm LOs, with an RF input 
compression level at +1 dBm and +8 dBm respectively. The UNCL-X1 ISOLATION, db, Typ. Larne Ee 
is priced at $19.95 and the UNCL-X1MH at $23.95 (1 to 9 qty.) and weayairenie MeL ican hate 2 sate ete 
production quantities are available for immediate delivery. All units Mid pend: AAG Pree) i) Ot Gee 5a tae 
: Upper-band (250-500 MHz) 25 26 30 18 


are designed to meet the requirements of MIL-M-28837 and carry 
Mini-Circuits’ exclusive 0.1% AQL guarantee...not a single reject ina PRICE (1-9) $19.95 $23.95 
shipment of 1,000 units or less. 


finding new ways... 
setting higher standards 


[_ Mini-Circuits 


A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
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SR latch design minimizes macrocells 


Peter Haas 
Electronics For Machinery Inc, Ridgewood, NJ 


When designing SR (set-reset) latches in programma- 
ble-logic devices (PLDs), you don’t have to mimic the 
cross-coupled NAND or NOR gates of SSI and MSI 
designs. That method consumes two output macrocells 
(Fig 1). In some cases, you can use the single-macrocell 
schemes in Figs 2 and 3. Fig 3 offers multiple set and 
reset inputs, which are handy features in multiplexed 
systems. The catch is that the single-macrocell designs 
can give you either a Q or Q output, but not both at 
once. 
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Fig 1—Following standard practice for SR latches results in a 
PLD design that consumes two macrocells. 


Fig 2—If you need only a Q or Q output, you can design a SR latch 
that consumes only one macrocell. 


Fig 3—This single-macrocell SR latch provides multiple set and 
reset inputs. 


Algorithm finds bit’s value in decimal 


S Murugesan 
NASA Ames Research Center, Moffett Field, CA 


You don’t always have to first convert a decimal num- 
ber to a binary one in order to find the value of a 
specified bit. Instead, you can use an algorithm to 
perform the calculation quickly and directly. The algo- 
rithm states that the mth binary bit (b,,) of the binary 
number that corresponds to a given decimal number 
D is 1 if the integer part of of the quotient of D/2™ is 
odd; otherwise the binary bit is 0. That is: 


240 


bm =remainder of (D/2™)/2 =MOD2(D/2”), 


where bg corresponds to the least significant bit (LSB). 
For example, bg of 3128549 is zero because the quotient 
of 31285/23 is 3910 and MODs of 3910 is zero. This 
algorithm suits applications where you must extract 
the value of a few bits from a large decimal number. 
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Big 8-bit performance. Tiny 18-pin package. Miniscule price. 


Introducing the smallest Z8 microcontroller yet, Mighty strong performance 
the high-performance Micro8™ (Z86C08). Just imagine First of all, the Micro8 features the high-end Z8 
what you'll be able to do with all this capability, architecture. Then there’s 128 bytes of RAM, two 
packed into a DRAM-sized chip. For what amounts to counter/timers, two single-supply analog comparators, 
pocket change. and low power consumption. Not to mention all the 
advantages of Superintegration™ and CMOS technology. 
Mighty powerful protection 


The Micro8 may be tiny, but it’s as bullet-proof | 
as they come. You get brown-out protect and a watch- | 
dog timer, for instance. You get an operating range | 
of 3-5.5V. And you get CMOS I/O. levels and hysteresis 
for noise protection. 


Mighty impressive bit bang for your buck 


The Micro8 gives everything you want in an 
8-bit microcontroller. In the smallest package you’ve 
ever seen. For about a buck and a half. Plus you’re 
working with the familiar software and proven 
performance of the Z8 Family. And it’s all backed by | 
Zilog’s solid reputation for quality and reliability. 
You really ought to see for yourself just what the | 
mighty Micro8 can mean to your design application. | 
Why wait? Contact your local Zilog sales office or your 
authorized distributor today. Zilog, Inc., 210 Hacienda 
Avenue, Campbell, CA 95008, (408) 370-8000. 


- Right product. Right price.Right away Zilog 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 923-8500, IL (312) 885-8080, MA (617) 273-4222, | 
MN (612) 831-7611, NJ (201) 288-3737, OH (216) 447-1480, PA (215) 653-0230, TX (214) 231-9090, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, 
WEST GERMANY Munich (49) (89) 612-6046, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. Taiwan (886) (2) 731-2420, U.S. AND 
CANADA DISTRIBUTORS: Anthem Electric, Bell Indus., Hall-Mark Elec., JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD. 
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Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my Design Ideas entry. 
Name 


Wiee ee cc a i Le ene 
Company 

Division (if any) 

Street 

City 

Design Title 


Home Address 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 
must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 
Date 


| ISSUEWINNER———it*™ 
The winning Design Idea for the June 23, 1988, issue is 
entitled ‘‘Microphone controls voice-actuated switch,” 
submitted by Jonathan Audy of Precision Monolithics Inc 
(Santa Clara, CA). . 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 


+ v7 | — aes 
Ser 12S center spacing 
Series'6 itz 
eres center spacing 

e Available in 2-16 positions 

e Positive positioning and 
latching 

e Fast, efficient P.C.B. 
replacement 

e Standoffs for flux removal 


e No special tools required 
e No extra P.C.B. space required 


Ask us about our full line of Terminal Blocks, Request literature 
Electrical/Electronic Interface Modules and on our full line of 
SNAP 120" Assemblies Terminal Blocks. 


For Samples and Quotations 


1-800-682-7333 


In Ilinois 1-312-682-4100 


NGAI 7 = 


Quality and Innovation 


525 Randy Road 
Carol Stream, Illinois 60188 
Tel. (312) 682-4100 FAX 312-682-4562 


In Canada: AUGAT Electronics, Inc., Missisauga, Ontario, 
Tel. (416) 677-1500 
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It this is how you see 


LEDs, the ad is over. 


The popular myth goes something like this: “An LED, is an LED, is an LED.” Or: “If 
you ve seen one, you ve seen them all.” And of course: “LEDs? They're commodity products.” 

Notions we at Dialight, steadfastly reject. And once you're familiar with our products, 
you Il know why. 

Take our Circuit Board Indicators. Single or multiple discretes aligned in a sturdy 
plastic housing, complete with their own current limiting resistor. The entire assembly 
polarity-keyed to guarantee correct insertion. 

Each unit is 100% tested—ready to insert for wave soldering. No leads to bend, trim, or 
break. No time wasted fumbling with discretes. 

Dialight pioneered the concept more than fifteen years ago to satisfy the OEM need for 
fast and reliable circuit board installation of LEDs. And we've been 
perfecting it ever since. Developing hundreds of standard and custom 

designs. A heritage of technological advance you can see in our new 
super- bright gallium aluminum arsenide units. 

All meticulously engineered with the understanding 
that the failure of a “jelly bean product” can cost thousands 
in end-user downtime, and who-knows-what in 
customer loyalty. 

The same understanding might bring you 
to call 201-223-9400, or write Dialight Company, 
1913 Atlantic Ave., Manasquan, NJ 08736, 
and ask for our catalog or a product sample. 
At the very least, it’s brought you to the real 
end of our ad. 
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NCRSs new 
VME board makes 
others look like © 


cheap imitations. 


Until now, VME™ host But perhaps the most important 
adapters have done fairly - feature of this VME-to-SCSI host 
good impressions of high adapter is the NCR name. Because 
performance VME boards. it means you’re getting factory sup- 
But they pale in compar- port from the company who initiated 
ison to NCR’s new VME- SCSI. And a product made by the 
to-SCSI host adapter. undisputed leader in designing and 

First of all, NCR’s board manufacturing proven SCSI product 
boasts the NCR 53C90 SCSI NCR’s VME-to-SCSI host 
protocol chip — the highest adapter is available now from the 
performance SCSI chip avail- NCR SCSI Technology Group. 


So don’t settle for cheap 
imitations, call the number 
below for more information. 


able. This superior chip 
provides your customers with 
lower overhead and delivers a 
data transfer rate up to 5.0 
MBytes/sec — that’s two to three ~ 
times faster than most SCSI chips. 

NCR’s VME host adapter also 
features extensive diagnostic 
LED’s designed to help provide 
easier integration, as well as easy 


identification of potential trouble. \ a alee te eS : NCR SCSI 

And, its surface-mount technology i ats \ coon 2, 

means greater reliability. : a Technology Group 
: 1-800-325-SCSI 


Introducing the VME-to-SCSI Host Adapter. 
From NCR. 


VME is a trademark of Motorola. 
OAA CIRCLE NO 201 
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POWER NEWS 


Advertisement 


ISOTOP Packages Tailored for 
High Power Transistors 


Besides offering a range of standard 
ISOTOP-encapsulated PowerMOS 
and IGBT devices, Philips now 
offers ISOTOP packages tailored to 
user requirements. For large orders, 
PowerMOS, bipolar transistors, 
diodes and other semiconductor 
devices can be combined in a single 
ISOTOP package. 


The four-terminal package, which 
occupies less than 6 cubic cm, can 
take 50 V devices passing 110 A 
with drain-source on-resistance of 
10 mQ, up to devices of 1000 V, 
0.5 Q passing 15 A. More rugged 
_and electrically reliable than exter- 
nally isolated packages with the 
same power ratings, the package 
has a single outline for a wide range 
of power devices and is internally 
isolated to 2.5kV RMS for one 
minute. 


ISOTOP Powerpack tailored for user 
requirements 


The package can be mounted on a 
printed circuit board. It has very low 
internal lead inductance and capaci- 
tance, and good thermal resistance 
between junction and mounting 
base. The package has screw termi- 


es CIRCLE NO 1 


Rugged Logic-Level MOSFETs 
Accept 5 V Drive Voltages 


A range of logic-level MOSFETs 
from Philips Components _ has 
guaranteed gate-source breakdown 
voltages of 15 V, rather than the 
industry standard 10 V. The BUK500 
range includes devices that also 
withstand drain-source voltage 
spikes of up to 400 V, making them 
the most rugged _ logic-level 
MOSFETs available. The transistors 
can replace mechanical relays, with 
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drain-source on-resistances down to 
40 mQ, allowing them to pass cur- 
rents up to 40 A (A 30 m2? device is 
currently being developed). They 
are driven into full saturation by a 
5 V gate source, making them ideal 
for automotive and industrial appli- 
cations. 


The family consists of 14 transistors 
with maximum drain-source volt- 
ages of 50V, 100 V and 200 V. 
Depending on crystal size and pack- 
age, current ratings vary between 
12 A and 40 A for the 50 V devices, 
between 8 A and 25 A for the 100 V 
devices, and between 5.3 A and 
12 A for the 200 V devices. Switch- 
ing times are comparable to those of 
standard MOSFETs. 


Excellent reliability with very high 
MTBF allow a maximum operating 
temperature of 175 °C, rather the 
normal 150 °C, particularly impor- 
tant for automotive applications. 


The transistors come in three pack- 
ages with different power ratings: 
the TO186, dissipating up to 30 W; 
the SOT82, dissipating up to 75 W; 
and the TO220, dissipating up to 
125 W. Samples are available. 

A 150 W, 30 m2) device is in develop- 
ment. 

CIRCLE NO 2 


FREDFETs Reduce 
Commutation Losses in 
Bridge Applications 


Aimed at half- and full-bridge appli- 
cations, these 13 FREDFETs com- 
bine commutation losses between 
five and ten times lower than stand- 
ard MOSFETs with excellent dV/dt 
behavior. Each member of Philips 
Components’ BUK600 family has an 
integral Fast-Reverse __ Epitaxial 
Diode that offers significant advan- 
tages at frequencies greater than 
50 kHz in circuits for motor control, 
inverters and uninterruptible power 
supplies. 


By doping the epitaxial layer of a 
standard MOSFET, a FREDFET 
transforms the inherently slow 
parasitic reverse-biased diode 
between a MOSFET’s source and 
drain to a fast one. This reduces the 
device’s stored charge, and hence 
the reverse recovery time by a factor 


FREDFET — TURN ON LOSSES 


V Fredfet } | \ 


Turn-on losses: MOSFETS vs. FRED- 
FET 


of five or more in practical circuits to 
as low as 125 ns for a 500 V, 11A 
device at 25 °C junction tempera- 
ture. The doping also keeps leakage 
currents and drain-source on-resis- 
tance down to those of other Power- 
MOS devices. 


The BUK600 family has maximum 
drain-source voltages between 
400 V and 1000 V, while drain- 
source on-resistances as low as 
0.4 Q lead to high drain currents of a 
maximum of 14A for the 400 V 
transistor and nearly 9 A for the 
1000 V devices. Larger crystal sizes 
will be introduced in early 1989. 


The BUK600 devices come in TO220, 
SOT93 and SOT199 packages. Sam- 
ples of the 400 V, 500 V and 600 V 
devices are available now. Samples 
of the 800 V and 1000 V devices will 
be available early next year. 

CIRCLE NO 3 


PHILIPS: YOUR 
POWER SOURCE | 


FOR A FREE FLOPPY detailing the 
Philips PowerMOS range, circle 
on the Reader Service Card. 


For information on Philips power 
products, please contact: 

Europe: Philips Components, Hazel © 
Grove, United Kingdom. — 

Tel. (061) 483 0011. 


Far East: Philips Components, Metro 
Manila, Philippines. 
Tel. (632)801-11-817089. 


North America: Amperex, Smithfield 
Rhode Island. Tel. (401)232-0500. 
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POWER SUPPLY 


@ Features a 1/2-cycle max transfer 
tume ) 
e Input protection includes a fuse 
and transient suppressor 
The DDCC5920 uninterruptible 
power system provides 20 minutes 
of 200W standby backup power for 
small computer systems. Features 
include visible and audible power- 
fail/inverter-on indicators and vis- 
ible ac-power-restored and normal 
ac-line-operation indicators. Nor- 
mal-mode input-output is 102 to 
127V ac, and maximum transfer 
time is 1/2 cycle. A 20A fuse in the 
primary of the inverter circuit pro- 
vides output protection; a 3A line 
fuse combines with a MOV over- 


voltage transient suppressor to pro- 
tect the input. The unit weighs 29.1 
lbs and measures 5.1 X 7.7 X 13.5 in. 
$295. 


Decision Data Computer Corp, 
400 Horsham Rd, Horsham, PA 
19044. Phone (215) 956-5736. 

Circle No 351 


REGENERATOR 
@ Handles the complete EIA-530 
interface 
e Provides signal amplification in 
both directions 
The model 62-3 bidirectional signal 
regenerator performs the function 
of a line driver/booster for the com- 
plete EIA-530 interface. It handles 
all thirteen 530 signals—the 10 
Category I differential signals and 
the three Category II single-ended 
signals. The 62-3 provides signal 
amplification and regeneration in 
both directions to increase link 
transmission distances. The stan- 
dard length is a function of fre- 
quency and varies from 350 ft at 1 
MHz to 4000 ft at 100 kHz. Differen- 
tial inputs terminate in the charac- 
teristic impedance of a twisted pair. 


246 


The units’ metal enclosure features 
two DB-25 connectors (a male and 
a female) and a mini-DIN connector 
for power (5V at 0.5A). An optional 
power supply (Model 62-4P8S) is 
available for $32. $138. 

Telebyte Technology Inc, 270 E 
Pulaski Rd, Greenlawn, NY 11740. 
Phone (800) 835-3298; in NY, (516) 
423-3232. 

Circle No 352 


OPTICAL LINK 


@ Offers variable output levels 
@ Includes an LED that indicates 
proper operation 


These 1-MHz analog fiber-optic link 
transmitters and receivers are 
housed in 3.5 X 1.75 X 4.37-in. alumi- 
num cases. The units have front 
panel BNC- and ST-type connectors 
for analog signal and optical cables, 
respectively. An LED indicator sig- 
nals when the link is functioning 
properly. The transmitters accom- 
modate either single-ended (Model 
6711) or differential (Model 6713) in- 
puts. Both the transmitters and the 
receiver (Model 6712) come with a 


rear-panel-mounted, 3-position 
slide switch that sets the full-scale 
output voltage range at +1, +5, 
or +10V. Offset and gain-adjust- 
ment controls and a power connec- 
tor are also mounted on the rear 
panel. Captive penn-nuts on the 
bottom of the case allow you to 
mount the packages to a bulkhead. 
An optional mounting flange is 
available for applications where 
rear access is impossible. 6711 and 
6712, $385; 6718, $397. Delivery, 
stock to six weeks ARO. 

Dymec Inc, 8 Lowell Ave, Win- 
chester, MA 01890. Phone (800) 
225-1151; in MA, (617) 729-7870. 
TWX 710-348-6596. 

Circle No 353 
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TOROIDS 


e Employ core material with a con- 
trolled-saturation feature 

@ Produce a closed magnetic field 
to reduce EMI 

The variable inductance toroids in 

the Series RL1386 use a special 

core material (effective to 1 MHz) 

that has a controlled-saturation fea- 

ture. Inductance values change as 


_..PUT ISOSTRATE" IN! 


pecify ISOSTRATE Thermally Conductive Insulators, 
S Kapton* substrates pre-coated with a proprietary 


“change of state” thermal compound, for: 


= Contact Thermal Resistance ™ REPLACEMENT OF “MICA 
SECOND TO NONE! AND THERMAL GREASE” 
= Voltage Isolation Capability ™ Low Installed Cost (Clean, 
to 4000 VAC Easy to Use) 

@ Superior resistance to ™NO Migration or Contami- 
“cut-through” nation (Silicon-Free} 


Use ISOSTRATE to maximize the thermal performance of 
mating surfaces in virtually any heat dissipation application 
where electrical isolation is required. 


For more information please call, FAX, or write: 


/) POWER DEVICES, INC. 
| __ Thermal Interface Products Group 
27071 Cabot Road, Suite 114 
Laguna Hills, CA 92653 (714) 582-6712 FAX (714) 582-6722 


*Registered Trademark for DuPont Polymide Film 
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coil current changes, but specific in- 
ductance values are repeatable at 
specific current levels. The toroid 
design produces a closed magnetic 
field, which tends to reduce EMI. 
Models in the line span a standard 
inductance range of 1.1 to 5600 wH 
with current ratings ranging from 
1.2 to 22A. The five core diameters 
available range from 1.1 to 2.6 in. 
The toroids will mount in either the 
vertical or horizontal position and 
are also available in a 4-pin mount- 
ing boat. Custom and military- 
grade devices are also available. 
From $0.90 (10,000). Delivery, 
stock to six weeks. 

Renco Electronics Inc, 60 
Jefryn Blvd E, Deer Park, NY 
11729. Phone (516) 586-5566. FAX 
516-586-5562. 
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BAR-GRAPH DISPLAYS 


© Feature 202 elements 
® Offer +1% accuracy 


The Lumigraph 9270S electronic 
bar-graph indicator features a gas- 
discharge display-panel scale that 
consists of 202 closely spaced ele- 
ments. It is available in two sys- 
tems: as single or dual indicators, 
which accept and display one or two 
independent inputs, and as single 
indicators with two alarm/control 
setpoints. The units display meas- 
ured variables as neon-orange bars 
and indicate alarm set points in red. 
Unit features include +0.5% reso- 
lution and + 1% accuracy. The units 
are self-contained and require only 
power (120V ac) and signal inputs 
for operation. The two internal 
plug-in pe boards are designed for 
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From the company that truly knows both 


military and VME 


It took a company that knows both VME 
and military specifications to design and 
build the first fully militarized VMEbus 


bonded aluminum thermal management 
layer, custom devices and extensive BITE 
facilities. 


boards. . . Plessey Microsystems. Only 
Plessey offers the totally VME-compatible Complete ATR 
PMV 68 family of modules for military Systems Packaging 


environments. Processor boards. 
RAM, EPROM and EEPROM 
boards. Bubble memory. Even 
a board for interfacing the VME 
bus with the 1553B bus. Plus 
custom Mil VME capabilities. 


PMV 68 boards can be furnished 
separately or assembled into 
rugged, custom-configured ATR 
boxes. 


Plessey also offers a full range 
of commercial VME boards, 
software and development systems 
for immediate system 
development. 


Full Mil Compliance 


Each Plessey military VME board 
features MIL-STD-883C level B compo- 
nents to meet MIL-E-5400 (airborne), MIL- 
E-16400 (naval), MIL-E-4158 (ground 
mobile) and MIL-STD-810 (environmental) 
specifications. Other features include a 


© PLESSEY 
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From the One and Only Source 
for True Mil-Spec VME 


Just call or write for all the details from 

the one company that truly understands 
both VME and military applications — 
Plessey Microsystems. The ultimate supplier 
for Mil Spec VME. 


Plessey 
Microsystems 
USA 

One Blue Hill Plaza 
Pearl River, NY 10965 


Tel: (914) 735-4661 
TWX: (710) 541-1512 


9 Parker 
Irvine, CA 92718 
Tel: (714) 472-2586 


Suite 600 

2000 E. Lamar Blvd. 
Arlington, TX 76006 
Tel: (817) 261-9988 


FRANCE 

BP 74.7-9 rue Denis Papin 
78914 Trappes Cedex 

Tel: (1) 30.51.49.52 

Telex: 696441 


GERMANY 
D-6090 Russelsheim 
BahnhofstraBe 38 
Tel: (061 42)68004 
Telex: 1761 4293 


UNITED KINGDOM 
Water Lane, Towcester 
Northants NN127JN 
Tel: (0327) 50312 

Telex: 31628 


CARDS FOR PC/AT 

* 386 Main Board (w/80387 function) 

* AT M/B 6/8/10/12MHz, w/RS232 

* Baby AT M/B 6/8/10/12MHz, w/RS232 
* SUNTAC Baby AT 

* NEAT Baby AT 

* E.G.A. Card (2/4 layers) 

* V.G.A. Card 

* HD/FD Controller Card 


CARDS FOR PC/XT 

* 8MHz Turbo (2/4 layers) 

* 10MHz Turbo (2/4 layers) 

* Mini XT Turbo, 4.77/8/10MHz 

* Speed Card 

* MGP/CGP 

* Multi I/O Card 

OUR PRODUCT LINE INCLUDES: 
* Double-Sided PCB’s 

* Multilayer PCB’s (4 to 8 layers) 


WE CAN SUPPLY C.K.D. 


= — 
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KINGDATRON ELECTRONIC 
INDUSTRIAL CO., LTD. 
380, PAI-LIN 5TH RD., PEI-TOU, 


TAIPEI, TAIWAN, R.O.C. TEL: (02) 821-3191 ~5 


TELEX: 27069 KDATRON FAX: 886-2-8212200 
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Manufacturer & Exporter 


GOOD FOLD ENTERPRISE CO, LTD 


Head Office: 

2nd F., No. 392, Tun-Hwa S. Rd., Taipei, Taiwan, ROC 
Telex: 13323 GOODFOLD Fax: 886-2-7723407 

Tel: (O02) 752-6670 (6 lines) 


EUROPEAN AGENT 
WANTED 


DESIGN TO MEET 
UL, VDE & IEEE 
REQUIREMENTS 


CUSTOM MAGNETICS 


4. SWITCHING POWER TRANSFORMERS 
TYPES: VOLTAGE, CURRENT, LINE 
FILTER, DRIVE 
APPLICATIONS: COMPUTER, TELECOM, 
INDUSTRIAL 


2.AUDIO TRANSFORMERS 
TYPES: SIGNAL, POWER 
APPLICATIONS: AUDIO, TELECOM, 
DATACOM, MILITARY 
3. HIGH-VOLTAGE TRANSFORMERS 
TYPES: POWER, PULSED 
APPLICATIONS: IGNITION, INDUSTRIAL 
4.CRT MAGNETICS 
TYPES: LINEARITY, WIDTH 
APPLICATIONS: TV, MONITORS 
5.PULSE TRANSFORMERS 


TYPES: MATCHING, PULSED 
APPLICATIONS: DATACOM, TELECOM 
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easy access and replacement. From 
$500. 

International Instruments, Box 
185, North Branford, CT 06471. 
Phone (2038) 481-5721. FAX 203- 
481-8937. 


Circle No 355 


TRIMMERS 

© Compatible with pick-and-place 
equipment 

@ Operate over a —55 to +125°C 
range 


The model 25 0.25-in. square single- 
turn cermet trimmer features six 
pin styles and is available in both 
side- and top-adjustment configura- 
tions. It has a shaft with a cross-slot 
design to facilitate adjustment and 
is compatible with pick-and-place 
equipment. Standard resistance 
values range from 100 to 2 MO. 
The power rating specs at 500 mW, 
and maximum contact resistance 
variation equals 1%. The operating 
range spans —55 to +125°C. Pack- 
aging options include tape-and-reel, 
ammo pack, and magazine. $0.60 
(1000). 

Beckman Industrial Corp, 4141 
Palm St, Fullerton, CA 92635. 
Phone (714) 447-2510. 

Circle No 356 


TRANSCEIVER 


® Couples a drop cable to Ethernet/ 
IEEE-802.3 LANs 

@ Has integral LEDs to indicate 
transceiver status 


The Model 725 Ethernet/IEEE- 
802.3 transceiver provides an inter- 
face between Ethernet trunk or 
thin-wire coaxial cable and the drop 
cable to an Ethernet station. It is 
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suitable for connection to Belden 
9880 yellow Ethernet trunk cable 
or Belden 9907 thin-wire coaxial ca- 
ble, and it has a 15-way D-connector 
for connection of the drop cable. 
The transceiver is available with 
three types of Ethernet tap—an 
AMP nonintrusive bee-sting tap, an 
N-type T-piece tap, or a BNC-type 
T-piece tap. A connector clamp and 


side locks on the 15-way drop-cable 
connector prevent accidental dis- 
connection of the drop cable. LEDs 
on the transceiver provide a con- 
tinuous indication of the trans- 
ceiver’s power, receive data, trans- 
mit data, collision, and SQE test 
status. You can configure the SQE 
test function for use with Ethernet 
or [KEE-802.3 installations. The 


Tusonix, as a QPL source, | 
. is proud of its JIT performance 
_ Miniature EMI/RFI ceramic filters and filter capacitors 
_ attenuate most frequency ranges in a wide variety of QPL 
approved styles. Most are available from stock in production 
quantities, ready for immediate shipment. — 

When it comes to custom packaging EMI/RFI feed-thru 
filters and/or filter capacitors, Tusonix offers a complete 
in-house custom assembly capability. Every assembly is 

100% tested in Tusonix’ quality assurance laboratories. 
The result is a reliable, economic assembly that satisfies 


your unique needs. 


So let Tusonix supply your filter requirements in discrete 
filters and assemblies. Write for literature TODAY . 


or please call us at: 
Phone: 602-744-0400 


TUSONIX 


P.O. Box 37144, Tucson, AZ 85740-7144 
Phone: 602-744-0400 Telex: (RCA) 299-640 


FAX: 602-744-6155 
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- - H Hermetic — 
_ Bi-Metal Switch 


SAS Bi-Metal Switch _ 
eOperated by %” dia. bimetal 
disc 
_©Good for 100,000 cycles 
©5° jp 1/5°C in 8° increments 


_elarge or small quantities availab -_ 


eMany non-standard term ni 
configurations offere a 


eCompetitively priced — 


SAH Hermetic Bi-Metal Sw 


__ sHermetically sealed 1-05 case lows 


ave soidering 


od for 10,000 cycles 

‘board mountable : 
| @30°C to 120°C in 10° increments 
_ Large or small quantities available 
— UL. CSA. Approved 
e«Competitively priced 


MIS Reed Switch 


eHermetically sealed in glass 

elow contact resistance (100 Millionms 
or less) 

3,000,000 operations at a full rated 
load 

eSmaller size for faster response 

e-5° fo 115°C in 5° increments 

elight reset tolerances 

eU.L. Approved 

e«Competitively priced 


All three switches available in 
normally open and normally 
closed configurations. 


Call or write for your free 
femperature control 
manual and engineering 
sample. 


IDWEST 
MPONENTS 
NC. 


Midwest Components, Inc. 

PO. Box 787 

4984 Port City Boulevard 
Muskegon, MI 49443 

(616) 777-2602 FAX 616-773-4307 
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unit fits inside standard 4 x 2-in. ¢ca- 
ble trunking, and it’s dust- and 
splash-proof. It is manufactured 
and tested to British Standard 
BS5750 part 2 and has an MTBF 
of more than 200,000 hours. £239. 
Wadsworth Electronics Ltd, 
Central Ave, East Molesey, Surrey 
KT8 0QB, UK. Phone 01-941-4716. 
TLX 892335. 
Circle No 357 


POWER SUPPLIES 


@ Provide outputs ranging to 5 kV 
® Continuously display output cur- 
rent and voltage 


The PS310, PS325, and PS350 are 
25W power supplies that provide 
1.25-, 2.5-, and 5-kV output capabil- 
ities, respectively. Voltage regula- 
tion is 0.001% for +10% line volt- 
age changes, and ripple is less than 
0.002% of full scale. Two 4-digit dis- 
plays provide a continuous readout 
of current and voltage; a third dis- 
play indicates which parameter is 
being entered. The supplies feature 
are and short-circuit protection and 
user-selectable hard and soft cur- 
rent limits. You can adjust the reso- 
lution as low as 1V. Connectors ac- 
commodate both remote voltage 
setting/ramping and current and 
voltage monitoring. The supplies 
store and recall as many as 10 in- 
strument settings. An optional 
IEKEE-488 bus port allows you to 
program input settings as well as 
read output and instrument status. 
$995. 

Stanford Research Systems Inc, 
1290D Reamwood Ave, Sunnyvale, 
CA 94089. Phone (408) 744-9040. 
TLX 706891. FAX 408-744-9049. 

Circle No 358 


POWER SUPPLIES 

© Specifically designed for CRT 
and disk-drive applications 

@ Offers 65% efficiency at 125W 
output 


PX125 Series multioutput, open- 
frame switching power supplies de- 
liver 130W of continuous power. 
With a highly filtered 12V/1.5A out- 
put, they are specifically designed 
for CRT and disk-drive applica- 
tions. The units will provide as 
many as four outputs in various 
combinations of +5, +12, 15, and 
24V. The minimum efficiency at 
125W output levels is 65%. The op- 
erating range spans 0 to 50°C, and 
line regulation is + 0.5% max at full 
load. Standard supply features in- 
clude overvoltage, short-circuit, in- 
put surge, and power-fail protec- 
tion. The units are designed in ac- 
cordance with UL, CSA, VDE, and 
IEC specifications, and they meet 
FCC Class B requirements. $146. 
Delivery, stock to 10 weeks ARO. 
Powerline Inc, 10 Cochituate St, 
Natick, MA 01760. Phone (617) 655- 
7987. TWX 510-100-3630. FAX 617- 
655-7984. 
Circle No 359 


NOISE SOURCES 


@ 10-MHz to 18-GHz coverage 
® Come complete with calibration 
points and charts 


NC 3300 wideband coaxial-type 
noise sources cover a 10-MHz to 18- 
GHz frequency range. They have 
excess noise ratios of 6+0.5 dB. All 
seven models in the line are avail- 
able in full- or segmented-band ver- 
sions. Noise output variation with 
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temperature specs at 0.01 dB/°C, 
and the operating range is — 55 to 
+ 85°C. Noise output rise and fall 
times equal 1 wsec max, and on/off 
VSWR measures 1.2:1 max. SMA 
connectors are standard, but any 
combination of SMA, N, TNC, and 
BNC is available. Housings can be 
supplied with threaded mounting 
holes. Calibration points and charts 
are provided with each source. 
From $350. 

Noise Com Inc, E 64 Midland 
Ave, Paramus, NJ 07652. Phone 
(201) 261-8797. TWX 910-380-8198. 

Circle No 360 


RESISTOR NETWORKS 


@ Are available in surface-mount 
packages 
© Feature a TCR of +10 ppm/°C 


The RMKM Series of small-outline 
surface-mounting resistor networks 
feature an absolute temperature co- 
efficient of resistance (TCR) of +10 
ppm/°C over a 0 to 70°C tempera- 
ture range. The TCR is +15 ppm/ 
°C between —55 and 0°C and 70 
and 125°C. TCR tracking between 
individual resistors in the same 
package is a maximum of 5 ppm/°C 
over the entire —55 to + 125°C op- 
erating range. Nominal resistance 
values range from 1 to 200 kO with 
absolute tolerances of +0.1 to +1% 
and relative tolerances of 0.5 to 
0.05%. The networks’ voltage coef- 
ficient of resistance is less than 0.1 
ppm/V, and the noise index is typi- 
eally —45 dB. The RMKM Series 
includes 8-, 14-, and 16-lead devices. 
Included are devices that contain 
four, seven, or eight individual re- 
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The Versatility of Flight 


From its precision American engineering and 
cost efficient manufacturing, Comair Rotron’s 
Flight Series offers one inch fans for the most 
sensitive equipment. 
The low cost fan is available in four 
sizes: 60,80,90 and 120 mm providing 
airflow from 8-95 CFM, with 12&24 
VDC for power flexibility. The brushless 
dc motor, with stainless steel 
ball-bearings insure a con- 
tinuous life of 60,000 hours. 
Flight Series joins the world- 
— = standard Muffin, Whisper & 
me Sprite in our quality 
~ eg & tested line of commer- 
cial airmovers. 


} 4) Comair Rotron... 
See the first name in 

mM forced convection 
cooling technology. 


For literature only call 800-367-2662. 
In NYS and for product or technical 
assistance, call our Application En- 
gineering Dept. at (914) 246-3615. 


COMAIR«2ROTRON 


a KLI Company 
12 North Street Sawyer Industrial Park, Saugerties, N.Y. 12477-1096 
Telephone: (914) 246-3615 TWX 910-333-7572 Telex: 551496 
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GOWANDA 


makes the 
exact switching 
power chokes 
you need 


High current filter chokes with 
printed circuit mounting and 
pre-tinned leads. 


AXIAL LEAD CHOKES 


Inductance values 5uH to 75QuH. 
Current rating 1.0 to 3.0 amps. 


RADIAL LEAD CHOKES 


Inductance values 5uH to 250yuH. 
Current rating 3.0 to 15.0 amp 


BOBBIN CORE CHOKES 
Inductance range 1.0uH to 15.0mH. 
Current rating 0.8A to 35.0A. 


TOROIDAL CHOKES 
Inductance range 10.OuH to 1000pH. 
Current rating 1.0A to 10.0A . 


For complete information 


Call 116-532-2234 


or write today 


GOWANDA ELECTRONICS CORP. 


NO. 1 INDUSTRIAL PLACE 
GOWANDA, NEW YORK 14070 


TWX 710-529-1211 
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Made in U.S.A. 


COMPONENTS 
& POWER SUPPLIES 


sistors, and devices that contain 
either two or four center-tapped re- 
sistor pairs and one separate resis- 
tor. Custom circuit configurations 
are also available. The 8-lead pack- 
age has a power rating of 250 mW 
to 70°C, and the 14- and 16-lead 
packages have a power rating of 500 
mW to 70°C. They can withstand 
wave or vapor-phase soldering. 
Guide prices for 8-, 14-, and 16-lead 
resistor networks are $0.87, $1.35, 
and $1.35 (1000) respectively. 
Sfernice, 199 Blvd de la Made- 
leine, 06021 Nice Cedex, France. 
Phone 93446262. TLX 470261. 
Circle No 361 
Ohmtek, 2160 Liberty Dr, Niag- 
ara Falls, NY 14804. Phone (716) 
283-4025. TWX 710-524-1653. 
Circle No 362 


PANEL METERS 


@ Available with either LED or 
LCD digital readout 
® Offers 20-mV full-scale resolu- 
tion 

The SM-35XMV and SM-35MV 3%- 
digit digital panel meters feature 
LCD- and LED-type readouts, re- 
spectively. Both are designed for 
low-voltage inputs and provide 
three header-programmable input 
ranges of 20, 200, and 2000 mV full 
scale. Internal potentiometers that 
provide zero-offset capability and 
continuous fine and course full-scale 
adjustment allow users to scale the 
meters to almost any engineering 
unit of readout. The 20- and 200-mV 
ranges allow the meters to be scaled 
for direct reading of all standard 50- 
and 75-mV current shunts. The 


New low cost BoardMaker:™ 


Now 
in-house 
prototyping 
is truly 
affordable. 


in minutes. 


There's no reason to waste time 
and money sending out for proto- 
vise circuit boards any longer. 
ith the new BoardMaker, you 

can make your own prototypes in 
fo own lab directly from your 

CB CAD—as fast as you need 
them. 


No delays or rush charges. 


Board Maker engraves single and 
double-sided boards, forming con- 
ductor lines as small as 5 mil. 
(There is a throughplate option 
too.) 

A 2" x 3" board with medium 
density, for example, takes about 
15 minutes. So you can save a 
week or more at every level of 
design development. You also 
save the money spent on outside 
sources, along with costly charges 
for rush service that can't compare 
with BoardMaker speed. 


No chemicals. 


BoardMaker is totally mechanical. 
There are no chemicals, no fumes, 
and no toxicity problems. 


At $5,000, pays for itself fast. 


BoardMaker is revolutionary 
because it costs one-sixth the price 
of first generation prototype 
machines—and literally pays for 
itself after about a dozen boards. 
For more information, call (415) 
883-1717 or use the reader card. 


HD 


20A Pamaron Wa 
Novato, CA 9494 
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units are available with either 
screw-terminal- or pce-board-type 
connector, inputs. SM-385XMV, $79; 
SM-35MV, $69. 

Texmate Inc, Box 2000, Solana 
Beach, CA 92075. Phone (619) 481- 
7177. TWX 910-322-1788. 


Circle No 363 


PHOTOCOUPLER 

@ Includes an optical fiber to in- 
crease noise immunity 

@ Features a 3-state output 


The TLP582 photocouplers’ design 
features a 0.5-in.-long optical fiber 
between the emitter and the detec- 
tor which, in essence, increases the 
separation distance between the 
two. This construction, combined 
with an internal shield, provides a 
guaranteed common-mode rejection 
of 100,000V/ysec. The coupler fea- 
tures a 3-state output and a 
Schmitt-trigger circuit that oper- 
ates at 5M bps. The package size 
measures 21.3X6.5X10 mm. $3 
(10,000). 

Toshiba America Inc, Semicon- 
ductor Products Div, 9775 Toledo 
Way, Irvine, CA 92718. Phone (714) 
455-2000. 

Circle No 364 


PC-BOARD RELAYS 


@ Lifetime exceeds 100,000 opera- 
tions 

@ Available in spst or spdt contact 
configurations 


VKP Series pc-board-mountable re- 
lays switch 40A. Silver contacts are 
standard in either spst-NO or spdt 
contact arrangements. The open- 
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frame electromechanical relays 
switch 50 to 500W de loads and 
1000-VA ac loads. Their expected 
life exceeds 100,000 operations at 
40A resistive. The relays are avail- 
able with coil voltages of 6, 12, and 
24V dc; and the nominal coil power 
dissipation is 1.6W. Initial coil-to- 
contact breakdown voltage meas- 
ures 500V de. The relays occupy 


Programmable Linear 
Phase Filters for A/ 


Prefiltering Applications 


848DOW Series 
Combines 
Constant Delay 
of a Bessel Filter 
With The Sharp 
Attenuation of a 
Butterworth Filter. 


Features: 

*8 pole, 6 Zero linear —ay 
phase lowpass filters BN 

° Digitally Transducer 
programmable 
corner frequency 

¢ 8 bit (256:1) tuning ratio 

¢ Internally latched control 
lines to store frequency 
selection data 

¢ Linear phase response to 
minimize phase distortion 

¢ Sharp roll-off for anti-aliasing 


A/D Converter. 


84E8P8DOW 80-5 
10-2.56K HZ 


Anti—Aliasing \Filter 


¢ Plug in, ready to use, fully finished, \ 


filter module 
¢ Five frequency ranges to 51.2kHz 


Other Filter Products available: 


¢ Elliptic * Programmable * Fixed Frequency \ W{£{£z{xXx_EF 


¢ Instrumentation * Custom Designs 


For more information, 
please call us at 
617-374-0761. 


FREQUENCY 
DEVICES 


25 Locust Street 
Haverhill, MA 01830 
(617) 374-0761 


(@) 
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less than 0.5 in.3 of board space. 
$1.08 (10,000). Delivery, stock to 10 
weeks ARO. 

Potter & Brumfield Inc, 200 S 
Richland Creek Dr, Princeton, IN 
47671. Phone (812) 386-2147. 

Circle No 365 


HEAT-SINK MOUNTS 


@ Eliminate problems associated 
with adhesive bonding 
@ Feature easy assembly 


The E-Z Mount assembly provides 
a mechanical means of attaching a 
heat sink to a pin-grid array (PGA). 
Thus, it eliminates the mess and the 
thermal expansion problems associ- 
ated with adhesive bonding. The E- 
Z Mount consists of a spring clip 
and either a plastic frame or shoes 
for the PGA. You start the assem- 
bly procedure by inserting the PGA 
into the frame. The spring fits into 
the heat sink and over the ridges 
of the frame, securely attaching the 
heat sink to the PGA. The shoes 
are useful when board space is 
tight. The two shoes slip under the 
four outer pins of the PGA and the 
spring snaps onto the shoes rather 
than the frame. You then wave sol- 
der the entire assembly to the 
board. Mounts are available for 
11x1l-, 14x 14-, 15x15-, and 
21 x 21-pin PGA packages. You can 
use this assembly for extruded-pin 
or radial-machined heat sinks. $0.40 
(1000) for a 15 x 15-pin mount. 
Thermalloy Inc, Box 810839, 
Dallas, TX 75381. Phone (214) 248- 
4321. TLX 203965. FAX 214-241- 
4656. 
Circle No 366 
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OPTICAL MODULES 


© Transmitter outputs range as 
high as —16 dBm 
@ Operate at 850 nm 


These fiber-optic transmitter and 
receiver modules operate at 850 nm 
and are housed in 8-pin DIPs. 
HF E4400 Series LED-type trans- 
mitters offer outputs ranging from 
—25 to —16 dBm. HFD3400 Series 
receivers include a 5M-bps direct- 
coupled model (HFD3403), a 10M- 
bps differential-input model (3402), 
and a 35-MHz analog model (8401). 
Responsivity specs at 4 mV/wW for 
the 3401. Sensitivity is 0.6 wW 
(—32 dBm) and 2.8 pW (-25.5 
dBm) for the 3402 and 34038, respec- 
tively. Both digital units provide an 
inverted TTL-type output. All mod- 
ules feature an optical port that ac- 
commodates standard 905- or 906- 
type SMA connectors. $22.69 to 
$45.38 per pair (1000). 

Micro Switch, Optoelectronics 
Div, 11 W Spring St, Freeport, IL 
61032. Phone (815) 235-5731. 

Circle No 367 


STEP ATTENUATOR 


© Has a 3W power rating 
® Operates to 3 GHz 


The Model 839 step attenuator fea- 
tures a 3W power rating. It has a 
Q- to 101-dB attenuation range with 
a 1-dB step resolution and operates 


over a dc to 3-GHz frequency range. 
Impedance specs at 500, and inser- 
tion loss ranges from 0.2 to 0.7 dB 
from de to 2 GHz. Over the same 
frequency range, VSWR figures 
range from 1.1:1 to 1.4:1. $249. 
Kay Elemetrics Corp, 12 Maple 
Ave, Pine Brook, NJ 07058. Phone 
(201) 227-2000. TWX 710-734-4347. 
FAX 201-227-7760. 
Circle No 368 


POWER SUPPLY 


@ Designed to power plasma dis- 
plays 

® Meets safety and RFI regula- 
tions 


PD Series open-frame switching 
power supplies feature a 75% effi- 
ciency and two jumper-selectable 
input ranges: 100 to 120 and 200 to 
240V ac. The two outputs are well- 
suited for most commercially avail- 
able plasma displays: 200V de at 10 
to 150 mA and 5V de at 60 mA. The 
200V output has 0.7% line regula- 
tion, 2.5% load regulation, and 0.8% 
temperature drift. Respective fig- 
ures for the 5V output are 0.2%, 1%, 
and 1.4%. Ripple and noise for both 
outputs specs at 1% max, and oper- 
ating range (without forced cooling) 
spans 0 to 50°C. The supplies con- 
form to UL/CSA/TUV safety re- 
quirements and are designed to 
meet FCC and VDE Class B RFI 
rules. The supplies are housed on a 
board measuring 3.755.125 in. $96 


(OEM qty). 
Panasonic Industrial Co, 2 
Panasonic Way, Secaucus, NJ 


07094. Phone (201) 348-7000. 
Circle No 369 
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43+ Dhrystones. 17+ MIPS. 7+ MFlops. 
4Mb DRAM. 1 SCSI. One VME Board. 


The TP880V from Tadpole 


eThe Philosophy e The Designe 


The TP880V isahigh performance Single Board Computer for 
VME based systems. Designed round the Motorola 88000 
RISC architecture, the TP880V offers 17MIP, 6MFlop 
performance at 20MHz and provides a very high level of 
integration of processing and |/O features on a single card. 
Tadpole's 88K C Compiler was specially developed to take 
full advantage of the 88000 RISC architecture. 


eThe Specifications 


MC88100 RISC processor (20-33MHz) 

16Kb MC 88200 cache/MMU instruction cache 
16Kb MC88200 cache/MMU data cache 

4-16Mb Nibble mode parity-protected DRAM 

I/O Subsystem MC68000/ 68440 CPU/ DMA 
93C90 high performance sync/asynchronous SCSI 
2 RS232 Ports e 128Kb-1Mb EPROM 
Extensive diagnostics capabilities 

Full VME Interface Rev C.1 IEEE 1014 

DTB Master-DTB Slave Syscon interrupter/handler 
64Kb SRAM battery-backed RTC 

TP-CDS/88K advanced C development environment 
T-Mon 88K Monitor with extensive SCSI support 
TP-IX* 


e The Evidences 
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a force in 32-bit design 
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Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 
Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


1 A D P O L E 


UNIX isa trademark of AT&T *TP-IX V.3.1 is derived from UNIX V.3.1 
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ACCELEROMETER 


® Includes temperature compensa- 
tion and amplification 

© Single supply operation 

Model 3110 is a general-purpose sili- 
con accelerometer. The unit con- 
sists of a silicon micromachined ac- 
celerometer, amplification and sig- 
nal-conditioning circuitry, and tem- 
perature-compensation circuitry for 
operation over a 0- to 50°C range. 
The unit operates from a single sup- 
ply and provides a +2V full-scale 
output. The 3110 features built-in 
damping to provide a de response 
capability. Overrange stops in the 
silicon microstructure provide 
shock protection. Standard units of- 
fer a +1- to +100g measurement 
capability. From $268. Delivery, 
stock to six weeks ARO. 

IC Sensors, 1701 McCarthy Blvd, 
Milpitas, CA 95035. Phone (408) 
432-1800. 

Circle No 370 


EMI FILTERS 


@ Snap-in mounting feature for 
positive panel bonding 
@ Include IEC accessories 


Rated for 6A/250V ac or 15A/115V 
ac, EMI input power module filters 
function in both normal- and con- 
trolled-access applications. You can 
order models with a rocker switch 
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for normal-access applications or a 
keylock on/off switch that limits un- 
authorized access to the input 
power. The modules have a number 
of International Electro Technical 
Commission accessories—a power 
input receptacle, a fuse, an auxil- 
lary outlet, and an indicator lamp. 
The modules’ snap-in mounting fea- 
ture ensures a positive bond to the 
host panel. The filter modules meet 
the safety standards of UL, CSA, 
and TUV. All module controls are 
conveniently located on the front 
panel, and the modules are pre- 
wired to facilitate filter/power- 
supply interconnections. $24 to $64 
(1000). 

Stanford Applied Engineering, 
3020 De La Cruz Blvd, Santa Clara, 
CA 95054. Phone (408) 988-0700. 
FAX 408-727-6488. | 

Circle No 371 


DIP SWITCH 


® Compatible with automatic inser- 
tion equipment 
© Housings have a 94V-0 UL rating 


The LD08 spst, 8-position DIP 
Switch is compatible with automatic 
insertion equipment and is tape- 
sealed to withstand wave soldering 
and cleaning processes. Its contacts 
are rated for 100 mA at 5V de or 
25 mA at 25V de. The switches will 
carry 100 mA max and have a 2000- 
cycle lifetime. Maximum initial con- 
tact resistance is 50 m. Insulation 
resistance and dielectric strength 
spec at 109 and 500V rms, respec- 
tively. The glass-filled polyester 
housings and the glass-filled nylon 


actuators have a 94V-0 UL rating. 
The contacts are precious metal 
over copper alloy, and the terminals 
are solder clad over copper alloy. 
$1.25 (1000). 

C&K Components Inc, 15 River- 
dale Ave, Newton, MA 02158. 
Phone (617) 964-6400. 

Circle No 372 


CONTROLLER 


® Conforms to ANSI standards 
@ Designed for factory and com- 
mercial applications 


The DC2000 video controller con- 
verts RS-232C serial data to RS-170 
(composite video) and TTL Syne 
(IBM MDA-compatible) for display 
on commercially available monitors. 
Designed for factory and commer- 
cial applications, the unit conforms 
to ANSI standards (X3.4, X3.41, 
and X3.64) and is compatible with 
DEC VT-52, VT-100, and VT-220 
terminals. The unit provides remote 
display of computer-generated data 
in an 80-characterX24-line format. 
It displays characters with a full 
range of visual attributes including 
bold, blinking, underlining, reverse 
video, double wide, double high, 
and double size. The controller easi- 
ly rack-mounts for custom installa- 
tions. $495. 

Ann Arbor Technologies, Box 
3083, Ann Arbor, MI 48106. Phone 
(313) 429-3102. FAX 313-662-3707. 

Circle No 373 


EDN September 15, 1988 


68030 UNIX’or VRTX’Multibus I 
Single Board Computer 


The TP33M from Tadpole 


¢The Philosophy e The Designs 


The TP33M is designed to bring together on afully configured 
single board computer the outstanding performance of two 
leading edge technologies: INTEL Multibus Il and the 16-33 
MHz MC 68030 CISC processor. 


eThe Specifications 


MC68030 processor 16-33MHz 
4-16Mb Nibble mode DRAM 

Custom 32-bit DMA controller oS 
NCR 53090 DMA-driven synchronous or 


asynchronous SCsI interface Ne oh ~ f ce | 
AMD Lance IEEE 802.3 Ethernet with DMA SEO NOU 


6 x RS232 ports # 
Multibus II/iSBX/iLBX II interfaces 

Battery backed-up real time clock . 

2Kb SRAM e 256Kb EPROM 

TP-IX V.3.1* e VRIX 

VRTX - TP-IX* communications software - 

Intel transport layer protocol drivers 


e The Evidence ® 


OTPS515VA 


S $72335444 
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| ragga Technology 


the ) driving force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 
Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 
Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 — Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 


T A D P O Ee E 


UNIX is.a trademark of AT&T Multibus I, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation 
VRIX is a trademark of Ready Systems  *TP-IX V.3.1 is derived from UNIX V.3.1 
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NEW PRODUCTS 


MICROSEQUENCER 


@ Provides 16-bit accuracy 
@ Features 27-nsec next-address 
generation 

You can use the SN74ACT8818 mi- 
crosequencer with array proces- 
sors, I/O controllers, and graphics 
engines. The 16-bit cascadable de- 
vice can address 64k words in 27 
nsec. It contains three I/O ports, 
two register/counters, a micropro- 
gram counter, multiway branches, 
and a 65-word x 16-bit stack. The 
counters can perform decrement 
and branch-on-zero nested loops in 
a single clock cycle. The branches 
let you employ 16- and 32-way net- 
working. The read pointer lets you 
backtrack through the address se- 
quence without disturbing the op- 
erational program. The device can 


INTEGRATED CIRCUITS 


support real-time vectored inter- 
rupts. 84-pin PLCC, $48.80; 84-pin 
PGA package, $67.10 (1000). 

Texas Instruments Inc, Semi- 


conductor Group (SC-847), Box 
809066, Dallas, TX 75380. Phone 
(800) 232-3200, ext 700. 

Circle No 375 
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MILITARY RS-232C IC 


© Provides five drivers and receiv- 
ers 

@ Requires no external capacitors 

The MAX235M military RS-232C 
circuit operates from a single 5V 
supply and provides a low-power 
shutdown feature. It’s available in 
a 24-pin side-brazed package and 
needs no external capacitors. Its 
charge-pump voltage converter 
generates the +10V required for 
RS-232C compatibility. The five re- 
ceiver outputs are CMOS and TTL 
compatible, and you can put them 
in a high-impedance mode via an en- 
able pin. The low-power shutdown 
mode reduces power consumption 
from 5 mA to 10 pA. The on-chip 
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capacitors optimize board space. 
The device operates over the —55 
to +125°C military temperature 
range. $44 (100). Delivery, four to 
six weeks ARO. 

Maxim Integrated Products, 120 
San Gabriel Dr, Sunnyvale, CA 
94086. Phone (408) 737-7600. 

Circle No 376 


BUFFER AMPLIFIER 


© Provides 16-bit accuracy 

@ Has a 60-MHz bandwidth 

The SP4010 buffer amplifier couples 
a unity-gain voltage signal follower 
with a transconductance feedback 
structure to achieve 16-bit accuracy 
and a 60-MHz amplifier bandwidth. 
The amplifier also features a slew 
rate of 1000V/sec and a settling 
time of 150 nsec to 0.005% for a 10V 
step. Its offset voltage is 1 mV typ 
and 2 mV max. The specified har- 
monic distortion of —100 dB at 10 
kHz and —80 dB at 1 MHz enables 
the amplifier to buffer high-speed, 
high-resolution A/D converters. 
Packaged in a 14-pin ceramic DIP, 


the SP4010 operates from a +15V 
supply and consumes 360 mW. 
Commercial units (0 to 70°C), 
$44.50; MIL-STD-883C (—55 to 
125°C), $82.50 (100). 

Sipex Corp, Hybrid Systems 
Div, 22 Linnell Circle, Billerica, MA 
01821. Phone (508) 667-8700. 

Circle No 377 


COLUMN DRIVER 


@ Features 24 channels 

© Programmable shift register 
Designed for both commercial and 
military thin-film electrolumines- 
cent (TF EL) flat-panel displays, the 
HV08 column driver provides 24 
channels. The chip uses transistors 
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68030 - VME 
The Real Single Board Computer 


The TP32V from 


e The Philosophye 


Designed for optimum system performance from a single full 
IEE 1014 VME board, the TP32V needs no other cards, piggy- 
backs or mezzanines to deliver the full potential of the 16-33 
MHz MC68030. To maximise overall throughput, all the on- 
board I/O facilities were designed to take advantage of 
hardware transfer buffers, DMA facilities and advanced DRAM 
arbitration techniques between competing resources. 


e The Specificatione 


MC68030 16-33MHz 

MC68450 4-channel DMA controller 

4Mb multi-ported nibble-mode DRAM 

AMD Lance IEEE 802.3 Ethernet with DMA 

28530 SCC giving two DMA-driven RS232 sync/ 
asynchronous ports and two further RS232 
asynchrous ports 

NCR 53090 DMA-driven synchronous or 
asynchronous SCSI interface Floppy disk controller 
Full VME Rev C.1 IEEE 1014 interface 

64-512Kb EPROM ~—@_Battery-backed RTC/SRAM 
Full debug monitor © Optional MC68881/2 FPU 
TP-IX/68K version of UNIX V.3.1* @ NFS, RFS, TCP/IP 


e The Evidencee 
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Tadpole Technology plc 
Titan House, Castle Park, 
Cambridge, CB3 OAY, UK 
Tel: 0223 461000 
Fax: 0223 460727 
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Tadpole Technology Inc 
Reservoir Place, 

1601 Trapelo Road, Waltham, 
Massachusetts, 02154, USA 
Tel: 0101-617-890-8898 
Fax: 0101-617-890-7573 
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e The Designe 
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ving force in 32-bit design 


Tadpole Technology Inc 
2157 O'Toole Avenue 
Suite F, San Jose, 
California, 95131, USA 
Tel: 0101-408-435-8223 
Fax: 0101-408-435-8482 
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UNIX is a trademark of AT&T Ethernet is a trademark of the Xerox Corporation 


VRTX is a trademark of Ready Systems 
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*TP-IX V.3.1 is derived from UNIX V.3.1 
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INTEGRATED CIRCUITS 


with a low threshold voltage to re- 
duce streaking and provide more 
accurate grey-shade selection. A 
control pin lets you program the 
shift-register direction either clock- 
wise or counterclockwise. The 
driver provides four 24-bit shift reg- 
isters, 24 8-bit counters, and 24 
high-voltage sample and hold cir- 
cuits to perform D/A conversion to 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer’s Guide! 


Would you like to get paid for sharing your clever 


engineering ideas and methods with your professional 


colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 


You don’t need the skills and experience of a profes- 


sional writer. And you don't need to know publishing 
jargon. All you do need are a little perseverance, your 


engineering skills, and the ability to communicate your 


ideas clearly. 
Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 


you how to write for EDN using skills you already have. 


Plus, it takes you step-by-step through the editorial 
procedures necessary to turn yar eae into polished, 
professional articles. : 


Get your FREE copy of 
EDN’s writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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one of 16 voltage levels correspond- 
ing to 16 shades of grey. The HV08 
comes in 44-pin ceramic or plastic 
J-lead packages. MIL-STD-883 de- 
vices are available. 44-pin plastic, 
$9.96 (1000). 

Supertex Inc, 1225 Bordeaux Dr, 
Sunnyvale, CA 94088. Phone (408) 
744-0100. TLX 68391438. 

Circle No 378 


HYBRID ADCs 


@ Perform 10-bit A/D conversion 
@ Support single- or multichannel 
applications _ 

Combining a 10-bit sampling ADC 
with a tracking S/H amplifier, the 
ADS-115 and ADS-116 support sin- 
gle- or multichannel applications. 
Hermetically sealed, both units per- 
form over the 0 to 70°C commercial 
and —55 to +125°C military tem- 
perature ranges. The ADS§S-115 ac- 
cepts unipolar signals from 0 to 
10V. The ADS-116 provides a bipo- 
lar input range of —10 to +10V at 
full scale. The full-power input 
bandwidth is 60 kHz (10V p-p) with 
a typical harmonic distortion of — 60 
dB. Both units operate from +5 or 
+15V supplies. $365. 

Datel Inc, 11 Cabot Blvd, Mans- 
field, MA 02048. Phone (508) 339- 
3000. TLX 951340. 

Circle No 379 


LCD CONTROLLER 


© Can handle 16x 40-character 
LCDs 
® Features 256 built-in windows 


The CY3825 is a 5V CMOS device 
that provides control for LCDs with 
as many as 16X40 characters and 
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The MC88000 RISC Multibus II 
Single Board Computer 


The TP880M from Tadpole 


¢The Philosophye ¢The Designe 


The TP880M design brings together the outstanding 
performance of the Motorola MC88000 RISC processor set, 
the power of the full Multibusil/iLBX II interfaces, an 
MC68000/68440 1/0 subsystem with SCSI and Ethernet, and 
the specially designed Tadpole 88000 RISC optimising C 


Compiler. The result is an outstanding product that offers x \ a> Be - | 
users the very best of current SBC technology. MN ED i 
te : - a ae A g , g j 
The Specifications A | 


MC88100 RISC processor (20-33MHz) 

16Kb MC88200 cache/MMU instruction cache 
16Kb MC88200 cache/MMU data cache 

4-16Mb Nibble mode parity-protected DRAM 

iPSB interface implemented using the Intel Message 
Passing Coprocessor (MPC) 

iLBX interface and iSBX connector 

I/O Subsystem MC68000/68440 CPU/DMA provides 
SCSI 4 RS232 ports © Upto 128Kb EPROM 
64Kb SRAM and optional ETHERNET networking 
TP-IXV31 

TP-CDS/88K advanced C development environment 
T-Mon 88K Monitor with extensive SCSI support 


eThe Evidences 


ecu el Sasa Sao RRR 3 


= Oe 
A SS Ge 


526 7Y: 


: Tadgole Technology 
the } dri 


ving force in 32-bit design 
Tadpole Technology plc Tadpole Technology Inc Tadpole Technology Inc 


Titan House, Castle Park, Reservoir Place, 2157 O'Toole Avenue 

Cambridge, CB3 OAY, UK 1601 Trapelo Road, Waltham, Suite F, San Jose, 
Tel: 0223 461000 Massachusetts, 02154, USA California, 95131, USA 
Fax: 0223 460727 Tel: 0101-617-890-8898 Tel: 0101-408-435-8223 


Fax: 0101-617-890-7573 Fax: 0101-408-435-8482 
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UNIX is a trademark of AT&T Multibus II, iSBX, iPSB and iLBX are trademarks of the Intel Corporation Ethernet is a trademark of the Xerox Corporation 
VRTX is a trademark of Ready Systems *TP-IX V.3.1 is derived from UNIX V.3.1 
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128X240 pixels. The chip allows ei- 
ther parallel 8-bit or RS-282C serial 
interface to any standard computer. 
The CY325 has a built-in character 
font, and its 256 built-in windows 
support text, plotting, bar graphs, 
and waveforms. Function-oriented 
commands include window opening, 
erasing, and scrolling; bar-graph 
drawing; and plotting of analog 
waveforms. The chip supports 


ASCII decimal, hex, and binary 


CY525 3rd generation 
STEPPER MOTORCONTROLLER 


most intelligent controller offers 
linear ramping, 10,000 steps/sec, 
unlimited stepping, change 


data. 40-pin DIP, $20 (1000). 
Cybernetic Micro Systems, Box 
3000, San Gregorio, CA 94074. 
Phone (415). 726-3000. TWX 910- 
350-5842. 
Circle No 380 


DC/DC CONVERTER 


@ Features switched-capacitor ar- 
chitecture 

@ Provides voltages to 18V 

Fabricated in CMOS, the TSC962 

switched-capacitor de/de converter 

can source 80 mA of current. The 


IC includes an on-chip zener diode. 


As an inverter, the device can pro- 
vide an output voltage from 3 to 
18V without any need for external 
diodes. A frequency-doubling fea- 
ture lets you increase the internal 
oscillator frequency from 12 to 24 
kHz, making the use of smaller 
charge-pump capacitors possible. 
You need only two external capaci- 
tors for inverter applications. For 


rate on the fly, read 


CY512 zs 


compatible, 

40 pin, +5 volt 

TTL, 8 bit I/O interface 

to ucomputer. $195 ea ($80/100 
Prototyping board available. 


Cybernetic Micro Systems 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 attn: Gybeciétic 
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position on the 


fly, and 
much 
more. 
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parallel converter applications, you 
can use an external clock to syn- 
chronize the internal oscillators. 
The TSC962 is available in 8-pin 
plastic DIPs, 8-pin ceramic DIPs, 
or 8-pin wide-body, small-outline 
packages. From $2.71 (100). 
Teledyne Semiconductor, 1300 
Terra Bella Ave, Mountain View, 
CA 94039. Phone (415) 968-9241. 
TWX 910-379-6494. 
Circle No 381 


SHIFT REGISTERS 


@ Operate in four synchronous or 
asynchronous modes 
@® Combine 3-state output with a 
buffered input for each I/O line 
The CD54/74AC/ACT299 and 
CD54/74AC/ACT323 8-input shift 
registers provide parallel I/O termi- 
nals. Both versions meet JEDEC 
standards for advanced CMOS logic 
devices. The registers provide high- 
speed switching; the maximum 


THE SINGLE SOURCE 
FOR CLAD METALS AND 
PRE ISION STAMPINGS. / 


At Precision Concepts, 
we’re always in total 
control of your job... 


soe all manufacturing 


done in one facility 


e guaranteed quality — 
through Statistical 
Process Control 
- @ competitive 
 pricing— 

NO material 
mark-ups. 

: OEM supplier 
- _. of Clad Metals 


A - Certified 
cet, gf” Fortune 500 
ene Vendor - 


es : 
% : € 


Call or write for free brochure. 


fel PRECISION CONCEPTS, INC. 


26 Precision Drive « Shirley, NY 11967 « (516) 924-1000 
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HIGH FIRST PASS SMT ASSEMBLY 
YIELD STARTS AT THE SURFACE. 


PDF SOLDER MASK 


ADDITIVE 


Better solder masking 

The PDF dielectric used to define lines 
and spaces (down to 0.003 inches) totally 
encapsulates conductor and pad sidewalls. 
This near-flush surface allows uniform and 
precisely registered permanent Solder 
Mask Over Bare Copper without skips, 
smear, bleed, or adhesion loss. The solder 
mask applied is custom selected to match 
with the precise placement-soldering- 
cleaning system used on your assembly 
line. 


Eliminates soldering problems 

Choice of either anti-tarnish protected 
bare copper or computer controlled hot air 
leveled solder provides the maximum 
process window for optimum solderability 
in your soldering system. Bottomside flow 
soldering is virtually flawless because of 
the natural solder resistance of the 
perfectly registered permanent dielectric 
between every pad. Troublesome solder 
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paste application is made easy because of 
the flush surface presented by the PWB. 
Reflow soldering of high pitch PLCC’s 
(tested down to 0.020” pitch) without — 
solder bridging or touch-up becomes 
practical when you specify our unique 
Micro-socket™ solder mask option. 


SOLDER BRIDGING 


PLCC 
COMPONENT 


CONVENTIONAL 


OPTIONAL MASK ANTI BRIDGING 
PDF 


BETWEEN PADS — pice 
COMPONENT 


Trouble-free component placement 


The uniform, near-flush surface of Additive - 


Surface Mount Circuits provides the ideal 
planarity for component placement of all 
common surface mount devices. Whether 
you're glueing down simple chip passives 
and SOT's or paste and reflow mounting 
“super-high” pin count PLCC’s and Quads, 
the problems of uneven glue application, 
skewing, glue smear, paste skips or bleed 
can be eliminated. This feature alone can 
provide the highest “first-pass’ pick-and- _ 
place yield opportunity in the business. _ 


TOO LITTLE GLUE £” MISSING COMPONENT 
feet Teh ee 


bo Hes cn ee SOLDER 
a M 


ASK 


TOO MUCH HEIGHT 
SKEWED COMPONENT 
R MISSED SOLDER JOINT) 


SOLDER 


CONVENTIONAL 


CONSISTENT PLANARITY 

HIGH PLACEMENT 

EXCELLENT SOLDER JOINTS CONSISTENT 
SOLDER 


MASK 


ADDITIVE 


CONSISTENT PLANARITY 
WITH OR WITHOUT CONDUCTOR 


KOLLMORGEN CORPORATION 


PO. Box 700, Aquebogue, NY 11931 _ 
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propagation delay from input clock 
pulse to output data is 12.9 nsec. 
In addition, the devices offer four 
synchronous or asynchronous 
modes that are selected by two in- 
put lines. The ACT299 is reset 
asynchronously; the ACT323 is re- 
set synchronously. You can cascade 
both registers to receive data in 
multiples of 8 bits. The CD54/74AC 


types operate from a 1.5 to 5.5V 
supply; the CD54/74ACT types op- 
erate from a 4.5 to 5.5V supply. The 
devices come in die form, a 20-lead 
plastic DIP, or a 20-lead surface- 
mount plastic package. $3.71 (100). 
GE Solid State, Route 202, Som- 
erville, NJ 08876. Phone (201) 685- 

6562. 
INQUIRE DIRECT 


ron 


OC PJevicer- 


ideo DAC? 


TRIPLE VIDEO DACs 


@ Work with VGA graphics stan- 
dard 
© Outputs are RS-343A compatible 
The ADV471 and ADV478 video 
DACs provide performance up- 
grades for the IBM PS/2 and com- 
patible graphics systems. Both de- 
vices are compatible with the PS/2’s 
VGA graphics standard. The 
ADV478 provides a 256 x 24-bit 
color-palette lookup RAM table 
driving triple 8-bit video DACs; its 
palette sports 16.7M colors. The 
ADV471 has a 256x 18-bit, 256- 
color-palette lookup table with tri- 
ple 6-bit DACs. For compatibility, 
you can configure the 8-bit device 
to look like the 6-bit part. The de- 
vices have 15 color-overlay regis- 
ters that let you display overlaid 
cursors, grids, and menus inde- 
pendently of the main color palette. 
These RAM/DACs are functionally 
identical to the Bt478 and Bt471 
video DACs. Video outputs are RS- 
343A compatible and can directly 
drive a doubly terminated 750 load; 


Intel development tools work togethber—and with the 


components—as an efficient, fully integrated family. 
Languages, emulators, debuggers and utilities. 

You spend your time productively developing applt- 
cations, not tinkering with tools. So you complete 
development faster. 

It's that simple. 

Intel Development Tools. The Short, Sure Path to Success. 


For more information and a catalog of Intel development tools, call toll free: 


ARROW ELECTRONICS. 1-800-77ARROW. 
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these outputs are also RS-170 com- 
patible for singly terminated loads. 
Clock rates of 35, 50, and 80 MHz 
are available. ADV471, from $29 to 
$57; ADV478, $41 to $89 (100). 

Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (617) 329-4700. TLX 
924491. 


phase-locked loop (PLL) for clock 
extraction from high-speed NRZ- 
format data streams. The 16G040 
phase-locks an on-chip VCO or ex- 
ternal clock source directly to an 
incoming digital data stream while 
simultaneously retiming and regen- 
erating the data stream. The 
16G040’s center frequency is broad- 


Circle No 383 ly adjustable and tracks the data 


PRECISION OP AMP 


@ 5000V/mV minimum gain 

@ Features 25-mV max Vos 

The OP-77 operational amplifier is 

a direct replacement for OP-07, 108, 

725, and 741 sockets, and is an im- 

proved second-source for the indus- 

try-standard OP-77. The op amp’s 

open-loop gain of more than 10 mil- 

lion, maintained over a +10V out-. 
put range, eliminates system non-: 
linearities. Consuming 35 mW, the. 
amplifier provides a 25-mV max 

Vos) CMRR is 120 dB (min), and 

PSRR is 110 dB (min). The vendor 

offers LCC, SOIC, TO-99, and plas- __ . ._ _ 
tic and ceramic DIP packages. Proc- Support for new Intel microprocessors and microcon- 
essing for MIL-STD-883B is also We ee: 
available. $1.25 (100). 


trollers is always available first from Intel. Lan- 


Raytheon Co, Semiconductor guages, emulators, debuggers and utilities. Plus a 
Div, 350 Ellis St, Mountain View, ee 
CA 94043. Phone (415) 968-9211. wide range of support services to assist you during 


TWX 910-379-6484. 


lopment. From start, to market. 
Circle No 384 every phase of develop 


Team up with Intel and get a running start on your 


FIBER-OPTIC IC application. And a head start on your competition. 


® Provides clock and data Intel Development Tools. The Short, Sure Path to Success. 


recovery 
@ For high-speed NRZ formats 


The 16G040 clock and data recovery 
ee er one eee ARROW ELECTRONICS. !-800-77ARROW. 


tions designers to implement a 


For more information and a catalog of Intel development tools, call toll free: 
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_. Gea s 9500 Sys 
industrial needs, becat 
board. The 9500, an IB 
all you need to program ; 
It’s convenient, it’s easy. 


e Even the software is buil 
cost or complexity of 


° The 9500 can replace Bt 
matching hardware. 


And all for ae $695. Ma 


“Dual Bus” Interface Works 
TTL and CMOS Systems 


Low Noise Multilayer 
Board Construction \ 


Autoruns on 
Power Up 


128K Static RAM with. 
Battery—backed Option 


128K EPROM or: 
RAM Space ~ 


Disk Operating Sys 
and Industrial Base B 


VO Expansion ; 


S: ble Memory 


INTEGRATED CIRCUITS 


rate automatically. A demonstra- 
tion board (90GCDR-DX), which in- 
cludes a 16G040 and a 10G041A 
time-division demultiplexer, is tuna- 
ble from about 100 to 1000M bits/ 
sec. The 16G040, $75 (1000); the 
90GCDR-DX, $1125 each. 

GigaBit Logic, 1908 Oak Terrace 
Lane, Newbury Park, CA 91320. 
Phone (805) 499-0610. TLX 6711358. 

Circle No 385 


RANDOM LOGIC IC 


® Complies with MIL-STD-883 
®@ Combines field programability 

uith gate-array complexity 
Designed for military applications, 
the PLHS501 random logic IC com- 
plies with MIL-STD-883. The de- 
vice provides a high pin count and 
a flexible network of interconnects. 
The NAND/NAND structure maxi- 
mizes interconnect flexibility. Us- 
ing DeMorgan’s theorem, you can 
implement any level of logic func- 
tion. You don’t have to exit and re- 
enter the device to construct addi- 
tional logic levels. The device has 
24 dedicated inputs and 72 NAND 
gates with internal foldback paths. 
An additional 44 NAND gates drive 
16 dedicated outputs and 8 bidirec- 
tional I/Os. The maximum propaga- 
tion delay from input to output for 
a single logic level is 35 nsec. In a 
64-pin ceramic DIP, $94.50 (100). 

Signetics Corp, Box 3409, 
Sunnyvale, CA 94088. Phone (408) 
991-2000. 

Circle No 386 


POWER DRIVER 


@ Drives 60V loads 
® Has a logic-level control input 
and diagnostic output 

Configured as a high-side driver, 
the VM200’s 40-mQ on-resistance 
and 60V output withstand capabil- 
ity suit it for driving loads such as 
de motors, lamps, and solenoids. 
The device has a logic-level control 
input, and an open-collector diag- 
nostic output that is activated by 
overload, over-temperature, and 
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open-circuit load conditions. The 
open-circuit condition is flagged 
when the current in the device’s 
output stage falls below 0.4A. In- 
ternal circuitry prevents false diag- 
nostic outputs under noisy load con- 
ditions. The device has internal cir- 
cuitry for inductive load voltage 
clamping, surge current limiting, 
and thermal shutdown. It is pack- 
aged in a Pentawatt power pack- 
age. Around $6.60 (1000). 
SGS-Thomson Microelectron- 
ics, Via C Olivetti 2, 20041 Agrate 
Brianza, Italy. Phone (039) 65551. 
TLX. 330181. 
Circle No 387 


SGS-Thomson Microelectronics, 
1000 FE Bell Rd, Phoenix, AZ 85022. 
Phone (602) 867-6100. TLX 249976. 


Circle No 388 


DATA QUANTIZER 
@ Converts analog signals to digital 
pulses 
@ Provides output data at TTL or 
ECL levels 
The ML4421 is a data quantizer that 
converts analog signals in fiber- 
optic receivers to digital pulses. 
The unit is compatible with Hew- 
lett-Packard’s HFBR-24X6 fiber- 
optic receiver and preamplifier. A 
dual-stage wideband amplifier, 
which features an adjustable band- 
width, drives a fast ECL compara- 
tor. The output data of the device 
is available at either ECL or TTL 
levels. The chip is capable of data 
rates to 100M baud utilizing the full 
50-MHz max bandwidth. The quan- 


AN ESOP CORP. 


3111 Winona Avenue, Burbank, CA 91504 
(818) 846-1800 ® TWX: 910 4982701 
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_.20V- - uSeC : | 
ae nsec max 


ets IEEE 802.3 (1Base5). 
tandards 


00 V isolation meets inter- 
ational requirements 


Available in dual or single 
Version ns 


[nee e 
Inductance 35-150 : 


ice eon 
Meets IEEE 802.3 (10Base2, 
_ 10Base5) and ECMA stds. 


— 2000V isolation meets inter- 
_ hational requirements 


TOKEN RING 
jumsmtio 1122 
Insertion loss . .0.5 dB max 

mgelie 15 nsec 
Returnloss ....20dB min 
Meets IEEE 802.5 and TI! 
__ TMS 380 chip set standards 
Available encapsulated 
_for auto insertion 


_ Available in dual or single 
versions 


Coilcraft has 
transformers for 
every LAN 


One call to Coilcraft will get you any coupling/isolation transformer you 
need for any LAN architecture. 

All of them have fast rise times, excellent common mode rejection, 
and low insertion loss. Their 2000 V isolation meets international safety 
requirements. 

And you cant beat the Coilcraft price! Our U.S. and overseas plants 
mean immediate availability plus long-term low pricing. 

For technical data or free LAN transformers for evaluation, call 
800/322-COIL (in IL 312/639-6400). 


1102 Silver Lake Road, Cary IL 60013 
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tizer has a 100-wV noise spec and 
a dynamic range of 55 dB. The unit 
comes in either a 24-pin DIP or a 
24-pin plastic leaded chip carrier. 
$6.50 (1000). 

Micro Linear Corp, 2092 Con- 
course Dr, San Jose, CA 95181. 
Phone (408) 483-5200. 

Circle No 390 


DUAL OP AMP 


®@ Draws <20 pA per amplifier 
@ Operates from single or dual sup- 
plies 

The OP-290 dual op amp draws <20 
wA for each amplifier, but can drive 
more than 5 mA/amplifier into a 
load. It operates from a single sup- 
ply of 1.6 to 86V, or from a dual 
supply of +0.8 to +18V. In single- 
supply applications, the OP-290 al- 
lows zero-in, zero-out capability. 
The offset voltage is <200 pV, and 
the offset voltage drift is only 2 wV/ 
°C over the military temperature 
range. The chip has a CMRR of 90 
dB and a PSRR of 5.6 wV/V max. 
8-pin plastic DIP, $2.50; ceramic 
DIP, $3.40; military-grade ceramic 
DIP, $9.50 (100). 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. TLX 
7138719541. 

Circle No 391 


QUAD CMOS OP AMP 


® Operates from single or dual sup- 
plies 

@ Features a maximum supply 
current of 1 mA 

Fabricated in CMOS, the ALD-4701 

quad op amp features a maximum 

supply current of 1 mA for all four 
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amplifiers. It operates from a single 
supply of 2 to 12V, or from a dual 
supply of +1 to +6V. Each ampli- 
fier operates with rail-to-rail input 
and output signal voltages. The 
symmetrical push-pull output stage 
can drive loads of 50 pF and 10 k. 
Other features include an input bias 
current of 30 pA max, a bandwidth 


= 4 independent channels 
= Gain of 5/channel (cascaded gain: 625) 


#10 wV/°C dc stability 
@ 25 wV input noise 


You can use the SR440 as a general purpose 
amplifier to improve the sensitivity of oscilloscopes, 
digitizers and spectrum analyzers. Power the SR440 
with 120 or 240 V ac. NIM module format for dc 
operation also available: $850 (model SR240). 


Stanford Research Systems 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TLX 706891 SRS UD, FAX 4087449049, TEL (408) 744-9040 
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of 700 kHz, and a slew rate of 0.7 
V/wsec. Channel separation is 120 
dB, and PSRR and CMRR are both 
65 dB min. The large-signal voltage 
gain is typically 100V/mV. Plastic 
DIP, $3.63; military ceramic DIP, 
$6.73; small-outline IC package, 
$3.99 (100). 

Advanced Linear Devices, 1030 
W Maude Ave, Sunnyvale, CA 
94086. Phone (408) 720-8737. TWX 
510-100-6588. 

Circle No 392 


HALL-EFFECT IC 


© Provides a linear output propor- 
tional to flux density 

@ Has an on-chip temperature sen- 
sor 

The TLE4910K Hall-effect IC pro- 

duces an output voltage that is pro- 

portional to the flux density of its 

surrounding magnetic field, allow- 

ing you to convert mechanical mo- 

tion directly into an analog electri- 


cal signal. External resistors allow 
you to adjust the zero-point of the 
device’s linear output characteristic 
and the device’s sensitivity. By ad- 
justing the zero-point you can use 
the device to detect flux reversal 
of the magnetic field. The device 
can withstand ambient tempera- 
tures of —40 to +135°C, and in- 
cludes a temperature sensor that 
you can use to temperature com- 
pensate measurement circuitry. 
The TLE4910K has an operating 
supply voltage range of 4.75 to 18V. 


Around $2.30 (1000). 
Siemens AG, Zentralstelle fur 


Information, Postfach 103, 8000 
Munich 1, West Germany. Phone 
(089) 2840. TLX 5210025. 
Circle No 393 
Siemens Components Inc, 2191 
Laurelwood Road, Santa Clara, CA 
95054. Phone (408) 980-4500. 
Circle No 394 


Ge RECTIFIERS: 


Fast recovery, low Vf. 


ae 


Germanium, as a semiconductor material, characteristically 
exhibits low energy loss at high current. 

Fast recovery Ge rectifiers are now available with Vf as low 
as 0.4V and current ratings from 5 to 500A, in case styles 
DO13, DO4, DOS, TO3, DO8, DO9; plus hockey puck. 
The GPD catalog contains information on devices designed 
for low-voltage power supplies; for use as isolation 

rectifiers in battery back-up and solar systems; or as 

oring diodes in redundant power supplies; and a lot more. 
Germanium Power Devices Corporation, 


PO Box 3065, Andover, MA 11810 , USA. 


508 475 5982. Tx 947150. Fax 508 470 1512. GPD 
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Nobody, out 4 
nobody, offers “= 

or delivers more 
rechargeable button cells” 
and batteries than Varta. 


The first in NiCd batteries. 
This year, 
1988, Vartacele. 00 
brates its 100th 
year in manufac- 
turing batteries 
of all types. In 
the '50’s we led 
the world in com- 
mercialization of NiCd batteries. 
We invented the mass-plate cell 
construction which excels over 
sintered nickel-cadmium cells. 


VARTA 


Unique performance advantages. 


In stand-by at ambient tempera- 
tures, our mass-plate button cells 
retain 60% capacity after 12 months 
versus about three months for 
sintered NiCd cells, because they 
have much lower internal losses. 
Similarly, they require much lower 
recharging rates, as low as IMA 
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\4VART. 


(C/100) versus 4-7mA for compe- 
tition, so charging power and 
circuitry will be minimized. 


More compact designs. 

Varta mass-plate button cells and 
batteries usually take much less 
space — or let you put up to 40% 


Self discharge comparison at 20°C 
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Storage time t (months) — 


more capacity in the same space. 


Better shelf life. 

Cells can be stored in any state of 
charge for over five years without 
significant loss of performance. 
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Cost benefits, too. 

With all their advantages, Varta 
mass-plate button cells and 
batteries usually cost less than com- 
parable sintered-type cells. 


Many sizes and types. 

Capacities range from 4 mAh to 
1000 mAh. Many flat or stacked bat- 
teries can be assembled. Extra high 
temperature ratings and UL list- 
ings are available in 
key sizes. For re- 
chargeable applica- 
tions above 1000 mAh, 
Varta also offers a 

complete line of 
NiCd cells and bat- 
teries. 

For an introduction 
to Varta’s world-leading line of 
rechargeable button cells and bat- 
teries, please ask for “Who's Got The 
Button’. Call 1-800-431-2504, 

Ext. 260, or write below. 


VARTA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Germany, Tel. (49) 0511/79031 
VARTA Batteries, Inc., 300 Executive Bivd., Elmsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 
VARTA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55, Singapore 9146, Tel. (65) 241-2633 
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VIDEO STORAGE 


@ Can capture 2460 monochrome 
wmages 
@ Records and accesses images in 
200 msec (max) 
The View Box 2000 is a system for 
storing video signals from a TV 
camera, a computer, or a video 
source. It can capture 2460 still 
monochrome images with a resolu- 
tion of 240 x 400 pixels under com- 
puter control. It connects to a host 
via an RS-232C port. The computer 
commands the unit to store, erase, 
or display a selected video picture. 
The software, which runs under 
MS-DOS, stores the picture files in 
the unit and associated descriptors 


in the computer’s disk file. An 
11x 12X3.75-in. box contains an 
erasable Winchester disk drive, the 
digital and video control circuits, 
and a power supply. Inputs include 
a camera connector, a BNC connec- 
tor, and a loop-through connector. 
Outputs include a monitor connec- 
tor, a BNC connector, an RS-170 
connector, and a loop-through 
connector. The system can record 
and randomly access images in 200 
msec max. $2995. 

Microexpert Systems Inc, 24007 
Ventura Blvd, Suite 210, Calaba- 
sas, CA 913802. Phone (818) 712- 
9934. 
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NTDS CARD 


© Emulates AN/UYK-7, -20, -43, 
-44, and AN/AYK-14 computers 
@ The IBM PC card implements 
NTDS MIL-STD-1397 protocols 
The Micronaut NTDS interface card 
for the IBM PC computer emulates 
costly Navy Tactical Data System 
(NTDS) computers. It is meant to 
replace tactical peripherals with a 
commercial alternative, record and 
analyze data from military devices, 
develop software for NTDS com- 
puters, and simulate consoles and 
displays. The card can emulate the 
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AN/UYK-7, -20, -43, -44, and AN/ 
AYK-14 tactical computers. The 
card lets the PC communicate with 
military computers and peripherals 


that implement the NTDS MIL- 
STD-1397 data transfer protocols. 
The card performs all I/O functions, 
including input data, output data, 
external function, external inter- 
rupt, forced function, and forced in- 
terrupt. The software can be config- 
ured for 8-, 16-, 24-, or 32-bit word 
lengths. The card and driver soft- 
ware, $1995. 

American Systems Corp, 14200 
Park Meadow Dr, Chantilly, VA. 
Phone (800) 336-4564; in VA, (703) 
968-5080. 3 
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COLOR MONITOR 


® Compatible with MDA, HGC, 
CGA, EGA, PGC, VGA modes 

@ Has 15- to 35-kHz horizontal 
autosynchromzation 


The Maxar Maxiscan 14-in. color 
monitor is compatible with MDA, 
HGC, CGA, EGA, PGC, MCGA, 
and VGA graphics standards. It 
runs with the IBM PC, PC/XT, 
PC/AT, and PS/2; Apple’s Macin- 
tosh II; AT&T’s 6300; and Olivetti’s 
M24 and M28 computers. The moni- 
tor provides autosynchronous oper- 
ation for horizontal frequencies 
from 15 to 35 kHz and vertical fre- 
quencies from 50 to 100 kHz. It 
provides a maximum resolution of 
820X620 pixels, and the text is 
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+ CHIP 
re 


... “Makes building PS/2 boards simple” 


Electronics 


.» “Quickens Micro Channel board design” 


Electronic Products 


... “Integrates all IBM PS/2 Micro Channel control needs” 


Electronic Design 


... “(CEC is) making it easier to soup up the PS/2” 


BusinessWeek 


... ‘Their chip is the most flexible we’ve seen” 


Microprocessor Report 


ONE CHIP PLUS is a complete 
Micro Channel interface on a chip, 
plus a development package that 
lets you build memory, I/O or 
multifunction boards in less time 
for less money. 


ONE CHIP PLUS is a product of 
Capital Equipment Corp., a proven 
supplier of hardware and software 
for engineers. Call today. We can 
help you whether you’re -building 
one board or a million. 


Literature 1 800 234 4CEC 
Technical assistance (617) 273-1818 


PS/2 and Micro Channel are trademarks of International Business Machines 
ONE CHIP PLUS is a trademark of Capital Equipment Corp. 
99 South Bedford Street, Burlington, MA. 01803 
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_ High-Rel ACL 
Reporting for Dut 


in the world's broadest High-Rel CMOS product line. 


If youre designing tactical military systems, it's more logical than ever to come to GE 
Solid State for all your High-Rel logic needs. Because we've just introduced well over 50 
ACL logic devices that give you the speed of FAST? plus all the benefits of CMOS. These 
devices, fully compliant to Mil-Std-883 Rev C, are available in both AC and ACT 


(T'T'L-compatible) versions. 


Call toll-free, 800-443-7364 ext. 23 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


Reporting for Duty 


Two Hex Inverter/Buffers* One 4-Bit Full Adder with Fast Carry One 9-Bit Odd/Even Parity Generator/Checker 

Three Quad 2-Inputs* Two 4-Bit Binary Counters Three Octal Buffer Line Driver 3-State (inverting) * 

Three Dual Flip-Flops Two Synch 4-Bit Binary Up-Down Counters One Octal Transparent Latch 3-State 

Two 3- to 8- Line Decoder Two Octal Buffer Line Driver 3-State* One Octal D-Type Flip-Flop 3-State* 
Demultiplexers * Two Octal BUS Transceiver 3-State* One Octal Transparent Latch 3-State(Inverting) 

Two Quad 2-Inputs Multiplexers One Quad 2- to 4- Line Data Selector One Octal InvertingTransparent Latch 3-State 

*Standard Military Drawings available 


t FAST is a trademark of Naiticriai Semiconductor Corp. 


GE/RCA/intersil Semiconductors 
Three great brands. One leading-edge company. 
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FILTER-D 


“Slim Line’ 
‘Sub-D Filter Connectors 


From 500pF to 30,000 pF Capacitance. The internal planar 
ceramic filter permits the low profile “Slim-Line” design of the 
Positronic Filter-D Connectors. HIGH RELIABILITY: MIL-C- 
24308 and IEC 807-2 materials and conformance. CON- 
TACTS: Male, machined brass alloy: female, machined high 
tensile phosphor bronze, gold over nickel, 5 amp. TERMINA- 
TIONS: Solder 24 AWG (0,25mm’) and 20 AWG (0,5mm*) 
printed board mount, straight and 90°. INSULATORS: DAP 
glass filled, 5 variants of 9, 15, 25, 37 and 50 poles. SHELLS: 
Steel or brass with tin plate (dimpled). MOUNTING: Panel 
and printed board. COUPLING: Jackscrews and slide lock 
system. HOODS: Metal and plastic. INSERTION LOSS: To 


60dB. 
POSTITRONIC 
INDUSTRIES, INC. 


432 N. CAMPBELL AVE. - SPRINGFIELD, MO 65806 ; 
TEL. 417-866-2322—860-641-4054—TELEX 436445—FAX 417-866-4115 


COMBO-D 


Coax, High Voltage, Power & Signal Contacts 
Sub-D Connectors 


Combined in 
yminiatu: 


18 contact combination variants 
available within shell sizes, 1, 2, 3, 4, 5, 6 


CONTACTS: Machined copper alloy, gold over nickel plating. 
Coaxial, High Voltage and Power contacts removable. Power 
contacts 10 to 40 amp. rated. Signal contacts 5 amp. rated. 
TERMINATIONS: Solder, printed board, straight or 90°. 
INSULATOR: Polyester glass U.L. 94 VO. SHELLS: Steel, 
zinc, cadmium or tin plated, stainless steel. MOUNTING: Panel 
and printed board. COUPLING: Jackscrews and slide lock 
systems. HOODS: Metal, plastic. NORMS: Conform to IEC 
807-2 and MIL-C-24308. 


POSITRONIC 
INDUSTRIES, INC. 


432 N. CAMPBELL AVE. - SPRINGFIELD, MO 65806 
TEL. 417-866-2322 —800-641-4054—TELEX 436445—FAX 417-866-4115 
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available in green, amber, cyan, and 
white-on-blue. It has an infinite 
color palette in analog mode and 8, 
16, or 64 colors in TTL digital mode. 
The video bandwidth is 35 MHz. 


$679. 

Hyosung Computer, 710 Lake- 
way, Suite 285, Sunnyvale, CA 
94086. Phone (408) 733-0810. FAX 
408-733-2638. TWX 510-101-2707. 
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ANALOG OUTPUT 


@ Has four 12-bit D/A channels 
@ Provides 24 parallel digital I/O 
lines 


The wCDDA04 is an analog-output 
board for the IBM PS/2 computer, 
Models 50, 60, and 80. It provides 
four independent 12-bit D/A chan- 
nels based on four Burr-Brown 
DAC-811KP converters. Each out- 
put is configurable for voltage 
ranges of 0 to 10V, +5V, +10V, and 
as a 4- to 20-mA current loop. The 
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output settles to .01% of its final 
value in 4 psec max for a step input. 
In addition, the board provides 24 
parallel I/O lines via an 8255 pro- 
grammable peripheral-interface IC. 
The parallel I/O lines are arranged 
as two 8-bit ports and two 4-bit 
ports. The only adjustment devices 
are trim pots for zero- and full-span 
calibration and switches for range 
selection. The PS/2 setup and instal- 
lation program sets the base ad- 
dress. $699. 

MetraByte Corp, 440 Myles 
Standish Blvd, Taunton, MA 02780. 
Phone (508) 880-3000. TLX 503989. 

Circle No 403 


BITBUS INTERFACE 


e Brings industrial control to 
DEC’s VAX computers 
e Lets multiple processes control 
multiple slaves 
The BBMaster is an industrial- 
control network interface for DEC’s 
MicroVAX and IVAX computer 
families. The system consists of a 
Q bus board and software that per- 
mit multiple VMS processes run- 
ning on a host to control multiple 
slaves on a BitBus network. Each 
network has a master node and as 
many as 28 distributed slaves. Re- 
peater taps can be added to expand 
the network to 250 slaves. An Intel 
8044 microcontroller located on the 
dual-height board controls the re- 
mote slaves. The hardware can han- 
dle multistream DMA data trans- 
fers and four levels of interrupts on 
the Q bus. The software consists of 
three layers. The first layer is firm- 
ware resident on the board for net- 
work control and VMS message 
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Very High Speed 
SINGLE BOARD 
INDUSTRIAL 

AT™ CPU 


es 


or hah ee 


memory with effective zero wa 

_ © Fast Response: BIOS transferred 
RAM on Start-up provides rap 
program execution 


¢ Reliable: Surface mounted VLSIs : 


for low component count, long 
service life 


e Flexible: Allows use of EMS 4.0 
memory standard under MS-DOS®, 
or extended memory under other 
Operating systems. 


¢ Complete: Includes one parallel, 
two serial ports, coprocessor socket 
as standard 


¢Compatible: With all software, 
add-ins and add-ons designed for 
AT type PCs 

We can satisfy your complete PC Bus 

computer requirements. For more 

details, contact your nearest TMI 

sales office or our Houston 

headquarters. 


TEXAS MICROSYSTEMS 

Pon (ho OR AF ESD 

10618 Rockley Road ® Houston, Texas 77099 
(713) 933-8050 


1-800-627-8700 


Designers and manufacturers of quality 
computers for more than a decade 


88-9 ©1988, Texas Microsystems Incorporated 
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handling. The second layer is a 
VMS device driver, which lets 


multiple processes have concurrent 


access to the network. The third 
layer is a library of high-level- 
language subroutines. $1995. 
Lantek, 2131 University Ave, 
Berkeley, CA 94704. Phone (415) 
549-0454. 
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MONITORS 


@ Are compatible with IBM PS/2 
and PC computers 
@ Display 640 X 480 pixels on non- 

glare screens 3 
The WY-550 and WY-650 monitors 
come with a video-graphics-array 
(VGA) adapter that makes them 
compatible with IBM PC, PC/XT, 
PC/AT, and PS/2 systems. They 
display 640x480 pixels on non- 
glare, high-contrast screens. The 
monitors scan horizontally with a 
31.5-kHz frequency and vertically 
with a 50- to 70-Hz frequency. The 
WY-550 monochrome monitor pro- 
vides a 14-in. display with either 
paper-white or amber phosphor. 
The WY-650 12-in. color monitor 
can display up to 256 colors simulta- 
neously. This model also lets you 
switch to a monochrome mode for 
better character resolution. The 
VGA adapter offers zoom magnifi- 
cation as a custom feature for CAD 
applications. The adapter’s other 
custom features include full-screen 
panning, split-screen windowing, 
and a soft font capability. WY-550, 
$249; WY-650, $629. 

Wyse Technology, 3571 N First 
St, San Jose, CA 95134. Phone (408) 
433-1000. TLX 3719730. 
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[/O BOARD 


® Has 24 digital inputs or outputs 

and one RS-422 port 
@® Can control 8-, 16-, and 24- 

position solid-state relays 
The MDL-24 digital I/O board has 
24 programmable digital lines that 
can be arranged as inputs or out- 
puts. The board can be used to con- 
trol 8-, 16-, and 24-position solid- 
state relays as a 24-channel, 16-bit 
counter, or simply as a digital con- 
troller. A 50-pin connector allows 
direct interfacing with relay racks 
from Gordos-Arkansas, Opto 22, 
and Grayhill. Each digital input has 
a programmable debounce filter and 
a 16-bit counter. The digital inputs 
can monitor and count frequencies 
from 0 to 1 kHz. Each digital output 
can be latched, pulsed, or set to os- 
cillate. Each of the open collector 
digital outputs can sink 500 mA. 
Communication is through an RS- 
422 port at 1200, 2400, 4800, or 9600 
baud. The board can be located as 
far as 5000 ft from a computer. $199 
(each); $139 (100). 

The Automation Group Inc, 848- 
R Nandino Blvd, Lexington, KY 
40511. Phone (606) 254-6916. FAX 
606-253-1762. 
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TAPE BACKUP 

@ Has a 2G-byte capacity in a 51/4- 
in. form factor 

@ Can transfer data at 1.9M-bps 
sustained 

The Jobe tape backup system pro- 

vides 2G bytes of formatted data 

storage in a 51/4-in. form-factor- 

compatible package. The system 

utilizes helical-scan video recording 

and error correction circuitry to 


SEE US AT BOOTH #556 AT BUSCON 
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STANDARDGRIGSEY [ae 


WITCHES 


Above the rest! _ oo 


Standard Grigsby, Inc. rises high above the rest with its offering of one of the widest ranges of 


1/2” switch components in the industry. These 1/2” products are wave solderable, washable, : 
available sealed or unsealed and in commercial or military finishes. 


Standard Grigsby, Inc’s 1/2” switch products are offered not only i in various PC board con- 


figurations but also differing indexing angles. Also offered are anti-static keylocks with various 
levels of security. In addition are concentric shaft switches with numerous versions available. 


Standard Grigsby, Inc’s Application Engineering department is available to solve your 
___ Switching problems. . - 


STANDARD 
GRIGSBY 


: 920 Rathbone Avenue 
Aurora, IL 60507-9990 USA : 
312/844-4300 | 
TWX 910-232-3138 * FAX 312-844-4286 
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correct for a burst of errors as long 
as 264 bytes. Since the drive can 
transfer data at a sustained rate of 
1.9M bps, it fills a 300M-byte disk 
file in 20 minutes. A 256-byte buffer 
can handle burst transfers at 12M 
bps. The drive comes in a stand- 
alone box with a power supply and 
cables. It also comes with software 
drivers for Unix V.3 systems; SUN- 


Specifications 
_* Frequency range: 


3.579545 MHz: 20.000 MHz 


¢ Frequency tolerance: 
+20 ppm at 25°C 
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Operating temperature 
range: — 10°C to 60°C 
Frequency stability in oper- 
ating temperature range: 

+ 30 ppm over — 10°C to 60°C 
Aging: 5 ppm/year 
Vibration: 

MIL-STD 202F method 207 
Condition E 

Shock: 

1500G 0.5 MSEC half sinewave 
3 times in each of 3 planes 
Solderability: 

MIL-STD 202E method 208C 


ACTUAL SIZE 


NDK AT-51 MINIATURE 

MICROPROCESSOR CRYSTAL 

NDK’s AT-51 miniature cut strip crystal is a tower of power 
in a very low profile package. This microprocessor crystal is 
less than half the size of equivalent units, yet holds the 
same footprint. The result is better economy of board 
space without the need to redesign. Additionally, the AT-51 
has a wide frequency range, higher resistance to shock 
and vibration and can be used as a plug-in replacement for 
HC 49/U type standard crystals. And the best news is that 
each part is backed by the NDK commitment to quality. 


NDK: YOUR SINGLE SOURCE 
NDK offers the widest range of compact crystal oscillators, 
microprocessor quartz crystals, and standard crystal oscil- 
lators available. All fully guaranteed to be free from 
impurities and defects. And all available through NDK’s 
nationwide network of stocking distributors. 

For a tree product catalog, or to order evaluation 
samples, contact NDK today. 


NDK America, Inc. 

20300 Stevens Creek Blvd., Suite 400, Cupertino, CA 95014-2210 
Telephone: (408) 255-0831 Telex: 352057 NDKCOLTO QTO 
Fax: (408) 725-0369 
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4 version 3.4 systems; and IBM PC, 
XT, or AT systems. The PC soft- 
ware runs under Novell’s LAN. 
$5990. 

Jobe Computers, 8921 Murray 
Ave, Gilroy, CA 95020. Phone (408) 
847-0446. FAX 408-847-1086. 
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DATA LOGGER 


e /s suitable for portable or remote 
logging equipment 
e Has 128k bytes of nonvolatile 
memory 

Piggybacked onto the company’s 
TDS9090 control computer board, 
the TDS9095 multifunction card 
provides you with a 100 x72 x 30- 
mm (8.9 x 2.8 x 1.2-in.) data-logging 
module suitable for use in portable 
or remote-location monitoring 
equipment. The module has 128k 
bytes of RAM and a real-time clock 
that are kept active by a lithium 
battery. Other features include a 
10-channel, 10-bit A/D converter; a 
keyboard encoder; and a package of 
software support routines. You can 
program the module to power itself 
up at predetermined intervals, log 
data, and then automatically power 
itself down. Activated for a period 
of 1 sec every 10 minutes, the mod- 
ule will run for over a year from a 
9V PP3 alkaline battery. The mod- 
ule’s processor is programmed us- 
ing the Forth programming lan- 
guage, and it interfaces to alphanu- 
meric or dot-matrix LCDs. £289.90 
(10). 

Triangle Digital Services Ltd, 
100a Wood St, Walthamstow, Lon- 
don E17 3HX, UK. Phone 01-520- 
0442. TLX 262284 (quote ref 
MO775). 
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THE ONLY THING MISSING 
FROM THIS 680-PAGE 


DATA BOOK IS YOU. 
ORDER YOURS NOW. 


Mail to: Mepco/Centralab, Attn: Corp. Advertising EDNoo1ss8 fj 
2001 W. Blue Heron Blvd., P.O. Box 10330, Riviera Beach, FL 33404 


New 680-page 1988-89 Leaded Resistor/Capacitor Data Book contains 
valuable performance and specifying data on the complete, broad line of 
Mepco/Centralab leaded passive components: 


Ceramic capacitors 

Tantalum capacitors Title 
Aluminum electrolytic capacitors 
Film and variable capacitors 
Fixed film resistors and networks 
Non-linear resistors 

Cermet trimmers Dept. /Div. 


And ask for our data book on America’s 
broadest line of SMD® passive 

components, too! 

Please send me these specification guides: 

_] New Leaded Resistor/Capacitor Data Book 
CO New Surface-Mount Device Catalog State/Zip 


MEPCO/CENTRALAB 


A DIVISION OF NORTH AMERICAN PHILIPS CORPORATION 


Name 


Company 


Address/MS 


City 


PHILIPS eS 
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®SMD is a service mark of North American Philips Corporation. 
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IN VANCOUVER, WASHINGTON, 
WE'VE JUST ISSUED PERMITS 
TO BREAK SPEED LIMITS. 


How do you keep 
ninety of the country’s 
hottest design engineers 


happy? First, ae 


give them 
permission to | 
pull out all the — sharp’s new 
stops. Then give thema 
place to do it. 

That’s exactly what 
we've done at our new 
Sharp Microelectronics 
Technology Center in 
Vancouver, Washington. 
There we've provided 
our outstanding staff 
with the most advanced 
CAD systems available. 
And we've backed them 
with a world-class 1.2 
micron production facil- 
ity in Japan, along witha 


national network of sales- 


people and distributors. 
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- standby mode. 
It’s the first of 


The purpose of all 


this? To aggressively 


carve a niche for our- 
s selves by 
creating a 


x4sRam high-speed 
chips. Like the new 
Sharp LH52252, our 
64k x 4 SRAM 
that operates 
at 35 ns cycle 
time and con- 
sumes just 100 
microamps in 


many high per- 
formance products you 


select line of 


SHARP'S NEW HIGH-SPEED CMOS SRAMS 


now at Marshall, Milgray, 
Western Microtechnol- 
ogy, Space Electronics, 
and Added Value. 

If you have specific 
questions, we invite you 
to call Sharp at (201) 
529-8757. Especially if 
moving at 35 ns or faster 


sounds appealing. Be- 


can expect from our new cause if you like breaking 


design center. And it’s 
available right 


SHARP. 


speed limits, Sharp has 
just the ticket. 


ELECTRONIC COMPONENTS DIVISION 


IF IT’S SHARP. IT’S CUTTING EDGE, 


© 1988 Sharp Electronics Corporation, Sharp Plaza, Mahwah, N.J. 07430. 
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IEEE CONTROLLER 


®@ Controls test instruments inde- 
pendent of a host 

@ Has 32k bytes of memory for 
data or program storage 


The Macro488 stand-alone control- 
ler for instruments on an IEEE 488 
bus contains 32k bytes of nonvolatile 
memory for storing data or pro- 
grams. You can load a series of 
instruction sets, or macros, into its 
memory from any computer having 
an RS-282C or RS-422 port. It can 
store as many as 100 different ma- 
cros in the nonvolatile memory, and 
it can control 14 separate instru- 
ments on the IHREE-488 bus. The 
unit has a built-in real-time clock, 
which lets you collect data at a pre- 
cise time or at regular intervals. It 
can automatically assign a time-tag 
for collected data, thus eliminating 
the need for constant supervision. 
Since the unit doesn’t occupy com- 
puter resources during tests, a com- 
puter can be performing other tasks 
and can retrieve the data at some 
later time. $995. 

IOtech Inc, 25971 Cannon Rd, 
Cleveland, OH 44146. Phone (216) 
439-4091. TWX 650-282-0864. 
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MOTHER BOARD 


@ Features two high-speed parallel 
ports 

@ Provides single-channel, 100-kHz 
throughput 

The MPV121 mother board, when 

combined with the company’s 

SPV120 board, lets you do DSP ap- 

plications in real time. This VME 

Bus board features two high-speed 

I/O parallel ports under DMA con- 
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trol. You can connect two daughter 
boards—the ACX122A and the 
ACX123B—to the mother board. 
The daughter boards provide four 
differential analog input channels 
with a 12-bit resolution—100-kHz 
throughput per channel. Input volt- 
age ranges from 0 to 10, +5, and 
+10V with gain selections of 1, 10, 
and 100. The boards feature simul- 


WHY DESIGN YOUR PRODUCT 


AROUND A COMPUTER? 


Design the computer in. 


Little Board™/286 


Built-in vs. built-around. External systems mean 
boxes, boards, backplanes, cables, and reliability 
problems. Ampro’s Little Boards give you a complete 
system on a single board you can build right into 
your product. 


Small size. Big power. Eliminate the bulk and 
constraints of multi-board, backplane-based systems. 
Embed a Little Board that requires just 2/3rds the 
power and volume of a 514” floppy drive. But with 
the full power of a PC or AT®. 


Fully compatible. Little Board/286 and Little 
Board/PC are functionally identical to multi-board 
PCs and ATs. They run PC-DOS™ 2.0 to 3.X. They 
-run DOS languages, compilers and applications. 
You'll be standing on a proven foundation of 
hardware and software. 
Ampro’s Single Board Systems. It’s all there. Up 
to a Megabyte of RAM. RS-232C and Parallel ports. 
AT/PC-compatible controllers and bus expansion. 
EGA/CGA/MDA and Hercules™-compatible video 


Little Board/PC 


options. Even optional solid-state disk. Plus SCSI 
support for hard disk, tape, optical drives, bubble 
drives ... you name it. And, low power consumption 
(+5VDC, less than 8W) and a wide operating temp- 
erature range (0 to 60°C). Perfect for standalone 
operation and harsh environments. Anywhere that 
reliability is a critical consideration. 

Available worldwide. For information and the 
name of your nearest U.S. or international Ampro 
representative, call us at the number below. Or 
write for Little Board Product information. 


408-734-2800 


Fax: 408-734-2939 TLX: 4940302 


Fd ee 


COMPUTERS, INCORPORATED, 


1130 Mountain View/ Alviso Road 
Sunnyvale, CA 94089 


Reps: Australia—61 3 720-3298; Austria—43-222/45 45 01; Canada—(604) 438-0028; Denmark—45 3 66 20 20; Finland—358 0 585-322; France—331 
4502-1800; Germany, West—49 89 611-6151; Israel—972 3 49-16-95; Italy—39 6 811-9406; Japan—81 3 257-2630; Netherlands— 
010-411 85 20; Spain—M34 3 204-2099; Sweden—46 8 55-00-65; Switzerland—41 1 740-41-05; United Kingdom—44 2 964-35511; USA—contact AMPRO 


Trademarks: IBM, AT—IBM Corp.; Hercules—Hercules Computer Technology, Inc.; MS-DOS—AMicrosoft Corp.; LittleBoard - Ampro Computers, Inc. 
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KYCON 
takes care of 
the basics 


so you Can 
take care of — 
business. 


te 


Uncompromising quality. Ready availability. Versatile component 
choices. Consistently competitive prices. The KYCON product 
line includes: m Custom molded cables m D-sub connectors m Dual- 
port D-subs g IDC connectors @ Mini-Din connectors m Miniature 
ribbon connectors @ Mini and micro shunts @ Modular jack 
connectors m PLCCs | 


KYCON Cable & Connector, Inc. 1887 O'Toole Ave., C103 San Jose, CA 95131 
(408) 435-1110 Outside CA: (800) 544-6941 FAX: (408) 435-1149 
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We didn’t get to 


be the best. 
by accident... f 


We e & 
did it by design. 
Surface Mounted Crystals from Statek. 


Manufactured in the United States (with SPC), our miniature | GFATEK 
quartz crystals range from 10 kHz to 32 MHz. These small 

crystals are in hermetically-sealed rugged ceramic packaging. 
Testing to MIL specs, other features include extremely low STATEK CORPORATION 
Eee consumption, low aging, resistance to high shock and 

igh temperature. 512 N. Main Street 
It's no accident Statek crystals are specified by thousands of | Orange, CA 92668 


engineers throughout the world! eee (714) 639-7810 
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COMPUTERS 
& PERIPHERALS 


taneous sampling, as well as a pro- 
grammable sampling rate. In addi- 
tion, they provide automatic or 
CPU gain-controlled analog inputs. 
Single-wide MPV121, $2985; dou- 
ble-wide MPV121/SP120 combina- 
tion, $5680. 

Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TWX 910-952-1111. 
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CONTROLLERS 


®@ Control four drives 

@ 3M-byte/sec data-transfer rate 
The QD34 and QD24 disk control- 
lers and the QT14 tape controller 
come with MicroVAX 3500/38600- 
compatible handles. The disk-drive 
controllers emulate the Mass Stor- 
age Control Protocol (MSCP) to 
provide a software-transparent in- 
terface to the host computer. All 
three employ proprietary VLSI 
logic to optimize performance. The 
QD34 features a 3M-byte/sec data- 
transfer rate. The QD34 and QD24 
control four 51/4-in. disk drives us- 
ing SMD and ESDI standards, re- 
spectively. The QT14 tape control- 
ler interfaces a Pertec streaming or 
start/stop tape drive to the host 
computer. The QT14 accepts NRZI, 
PE, and GCR tape formats and fea- 
tures 1M-byte/sec data-transfer 
rates and a 64k-byte data buffer. 
QD34, $2495; QD24, $1795; QT14, 
$1395. 

Emulex Corp, Box 6725, Costa 
Mesa, CA 92626. Phone (800) 368- 
5393; in CA, (714) 662-5600. 
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NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


DIGITAL L-C-R METER 


@ Identifies inductors, capacitors, 
and resistors 
@ Tests at three frequencies with 
0.1% max error 
The 4210S digital L-C-R meter 
automatically identifies whether a 
component is an inductor (L), a ca- 
pacitor (C), or a resistor (R). It then 
measures the component’s value 
and the values of its secondary pa- 
rameters (for example, a capacitor’s 
dielectric losses and series induc- 
tance and resistance). The unit can 


DESIGN FOR 
IN-CIRCUIT 
PROGRAMMING 
AND CUT 
PRODUCTION 
COSTS. 


| 


measure at three frequencies—120 
Hz and 1 and 10 kHz—with a basic 
accuracy of 99.9%. A 5-digit LED 
display indicates the results. The 
meter can sort components into ten 
bins by absolute value or percent- 
age deviation from a specified 
value. Using a single keystroke, 
you can command the unit to cor- 
rect for lead resistance and open- 
circuit impedance. Both test-setup 
and calibration data remain in non- 
volatile RAM, even when you re- 
move power. [EF EE-488 and compo- 
nent-handler interfaces facilitate 
using the instrument in automatic 
test setups. $3390. 

Wayne Kerr Inc, 600 W Cum- 
mings Pk, Woburn, MA 01801. 
Phone (617) 9388-8390. TLX 
6817257. 
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More for — 


Following a few simple 
rules in board design can 
mean tremendous Sav- 
ings in production. When 
you design for in-circuit 
programming, you can 
easily program devices 
on your circuit boards 
after they are fully 
assembled. 

In-circuit programming 
can improve production 
flow, reduce inventory, 
and lower firmware 
update costs—especially 


for surface-mount 

devices. And Data I/O's 
complete line of in-circuit 
programmers are the most 
reliable, versatile and cost- 
effective tools for the job. 


CALL TODAY FOR 
YOUR FREE COPY OF 
“INTRODUCTION TO 

IN-CIRCUIT 

PROGRAMMING.” 


1-800-247-5700 
Ext. 952 


DATA 1/O 
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Here’s a low cost, high density commercial connector that’s 
really rugged and reliable. Made of high impact thermoplastic, 
its excellent strength-to-weight ratio offers optimum durability. 
There’s no corrosion to worry about, and it’s UL and CSA 
approved. Available in bulkhead or square flanges, it is quick 
and easy to mount. The light weight, compact and quick connect/ 
disconnect features make it easy to work with. 

For reliable connection at an attractive price, call or write and 
ask for our free Thorkom Circular Connector catalog. 


VIKING 


THORKOM CIRCULAR CONNECTORS 
21001 Nordhoff St., Chatsworth, CA 91311 « (818) 341-4330 


SCOPE ACCESSORIES 


© Include tilting, swiveling scope 
base 

@ Allow roll-about access to rack- 
mount nstruments 

The K501 is a tilting, swiveling, 

bench-mounting pedestal for labo- 

ratory oscilloscopes. The K217S is 

a roll-about cart that accommodates 

equipment designed for mounting in 

standard 19-in.-wide RETMA 

racks. The cart features lockable 
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€ price: ig low profile, thicl 
film elements, 4 through 14 pins available in addition to __ 
above standards. High quality, low cost. Call 800-592-4888 
or 800-292-4888 in Texas. 


A ROCKWELL INTERNATIONAL COMPANY 
1414 Allen-Bradley Drive, El Paso, TX 79936-6415 
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A ROCKWELL INTERNATIONAL COMPANY 
1414 Allen-Bradley Drive, El Paso, TX 79936-6415 _ 
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wheels and three trays, two of 
which tilt. The K318 is a general- 
purpose utility cart that can accom- 
modate, for example, a personal 
computer. The vendor also offers a 
power strip and a second tray as 
options on its K212 portable instru- 
ment cart. K501, $75 (until Oct 31 
1988; $95 thereafter); K217S, $625; 
K818, $375. K212 with power strip 
and second tray, $445. 

Tektronix Inc, Box 3500, Van- 
couver, WA 98668. Phone (800) 835- 
9433, ext 170. | 
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DSP DEVELOPER 


@ Mother board provides a 16k- 
word memory 

@ Offers dual-channel 16-bit A/D- 
DIA system 

The Chimera system is a DSP de- 

veloper for TI’s TMS320C25. You 

can use this hardware/software 

package on an IBM PC, PC/AT, or 


compatible. The system’s mother 
board provides a 16k-word memory 
for programming and data storage. 
It lets you design a daughter board 
for your application. Other options 
include a dual-channel, 16-bit A/D- 
D/A system with a 200k sample/sec 
max rate; a dual 128k-byte buffer 
configuration; and a wire-wrap 
board. The vendor’s software pro- 
vides a debugger, a patch proces- 
sor, an install program, a user- 
interface program, and an injector 
program for signal files. Mother 
boards: with a 128k-byte memory 


and development software, $2995; 
with a 32k-byte memory and devel- 
opment software, $2195; with 8k 
bytes of memory, $1995; daughter 
boards: with A/D-D/A system, 
$795; dual 64k-byte buffer, $795; 
wire-wrap board, $295 (OEM qty). 
Atlanta Signal Processors Inc, 
770 Spring St, Atlanta, GA 30308. 

Phone (404) 892-7265. 
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18-GHZ MIXER 


e Features a group-delay distor- 
tion of 2 nsec 
@ Provides video detection of pulse 
and cw signals 
When combined with the HP 5371A 
frequency and time-interval ana- 
lyzer, the HP 5364A microwave 
mixer/detector performs microwave 
modulation-domain analysis. Add- 
ing a local oscillator to this combina- 
tion, you can measure spread-spec- 
trum signals, such as agile carriers 


CMS can offer you more engineer 
ing experience in custom molded 
cable assemblies than any other manu- 

facturer. We engineered the first custom 
Molded-On® cable assembly 40 years ago. Our 


© 


complete facilities provide in-house design and: 


construction of proprietary tools and dies to the final 
manufacturing of 100% tested finished goods. Call 
or write Component Manufacturing Service, Inc.; 
One Component Park, West Bridgewater MA 02379. 
Tel. (508) 580-0111. 


CMS is the Moided-On® connector company. 
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Need a low profile I/O connector system you can plug in and 
forget? Take a look at Compu-Shield. It’s a fully modular system of 
demonstrated reliability, featuring a proven contact system. Contacts 
are on .050 in. centers, with 360° shielding against EMI/RFI for data 
busing. Selective gold plating in the contact area maximizes con- 
ductivity while keeping costs down. The spring contacts are totally 
enclosed and tension pre-loaded. 

The installer and user friendly Compu-Shield connector system 1s 
available as separate units, or as complete cable assemblies to your 
precise specifications. Call or write today for full details. 


VIKING 


COMPU-SHIELD CONNECTOR SYSTEM 
21001 Nordhoff St., Chatsworth, CA 91311 ¢ (818) 341-4330 
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INNOVATIVE 
HEAT SINKS FOR 
VLSI DEVICE 

PACKAGES 


Increased speeds in high-density VLSI MOS, bipolar, 


or ECL designs? Excessive case temperatures that 
threaten reliability? Match device power demands 
with high-efficiency, omnidirectional heat sinks for 
high lead count chips packaged in ceramic pin grid 
arrays and chip carriers. 


840 Series Heat Sinks for PGAs 


e Pedestal base for direct adhesive bonding to pin grid 
arrays and multichip modules. 


e Lowest cost per watt dissipated. 


e Omnidirectional design for serial and impingement 
airflow and natural convection. 


e Sink-to-ambient thermal resistances as low as 
1.8°C/watt (impingement). 


e Low pin height for close board-to-board spacing. 


850 Series Heat Sinks for PGAs 
e For direct bonding to pin grid arrays. 

¢ Omnidirectional cooling in serial airflow. 
e Dissipates up to 10 watts. 


830 Series Heat Sinks for Socketed LCCs 


e Designed for use with 3M/TEXTOOL JEDEC Type-A 
68-lead sockets for ceramic leadless chip carriers; 
serving as protective lid and heat sink. 


e Lowest cost per watt dissipated. 
EG&G Wakefield Engineering... The Thermal Man- 


agement Components Supplier. Call our application 
engineering department today—(617) 245-5900. 


gy eGsG 


WAKEFIELD ENGINEERING 


60 AUDUBON ROAD, WAKEFIELD, MA 01880 


(617) 245-5900 ¢ TWX: 710-348-6713 © FAX: 617-246-0874 
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eee 
Be An 
Author! 


When you write for EDN, you earn 
professional recognition. And you 
earn $75 per published magazine 


page. 


EDN publishes how-to design 
application information that is 
read by more than 157,300 elec- 
tronics engineers and engineering 
managers worldwide. That’s an 
audience that could belong to you. 


If you have an appropriate article 
idea, send your proposal and 
outline to: John Haystead, 275 
Washington Street, Newton, MA 
02158-1630. 


For a FREE EDN Writer’s Guide— 
which includes tips on how to write 
for EDN and other technical pub- 
lications—please circle number 
800 on the Information Retrieval 
Service Card. 


N 


First in Readership among Design 
Engineers and Engineering Managers 
in Electronics. 
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SAVE Development 
and Debugging Time 
of Embedded 
Microprocessor Systems! 


¢ INTROL-C Cross-Compilers 

e INTROL-Modula-2 Cross- 
Compilers 

¢ INTROL Relocating Macro 
Cross-Assemblers 


COMPILER PACKAGES INCLUDE: 
Compiler «e Assembler ¢ Linker 
e Runtime library, including 
a multi-tasking executive « 
Support utilities ¢ Full year's 
maintenance 


TARGETS SUPPORTED: 
6301/03 * 6801/03 ¢ 6809 » 
68HC11 * 68000/08/10/12 « 
68020/030/881/851 »* 32000/ 
32/81/82 


AVAILABLE FOR FOLLOWING 
HOSTS: VAX and MicroVAX; 
Apollo; SUN; Hewlett-Packard; 
Macintosh; Gould Power- 
Node; IBM-PC, XT, AT, and 
compatibles 


INTROL CROSS-DEVELOPMENT 
SYSTEMS are proven, accepted 
and will save you time, money, 
and effort with your develop- 
ment. All INTROL products are 
backed by full 


meaningful, 8) 
technical support. 

CALL or WRITE INTROL 
for facts NOW! DEVELOPMENT 


647 W. Virginia St. 
Milwaukee, WI 53204 
414/276-2937 FAX: 414/276-7026 
Quality Software Since 1979 
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and chirped pulses, at frequencies 
of 18 GHz. The HP 5364A’s IF chan- 
nel provides a 500-MHz bandwidth 
with a 2-nsec group-delay distor- 
tion. A separate video channel lets 
you trigger the HP 5871A. You can 
also use the video channel for meas- 
uring rise and fall times and pulse 
widths. HP 53864A, $138,000; 
HP5371A, $21,500. 
Hewlett-Packard -Co, 19810 
Pruneridge Ave, Cupertino, CA 
95014. Phone local office. 
Circle No 428 


DIGITAL BRIDGES 


@ Measure passive-component pa- 
rameters 

@ Test at frequencies from 12 Hz to 
200 kHz 


The models 1659, 1692, and 1693 
RLC (resistance, inductance, capac- 
itance) testers automatically deter- 
mine the type of component under 
test and automatically select the op- 
timal measurement range. The 
1659, which is designed for use in 
laboratories as well as in production 
and incoming inspection, measures 
R, L, and C with 0.1% error. It 
measures D (dissipation factor) and 
Q (quality factor) with 0.0005% 
error. Fixturing for radial- and axi- 
al-lead components is built in. An 
interface to the IEEE-488 bus and 
to component handlers is optional. 
The 1692 provides accuracy approxi- 
mately twice that of the 1659. It 
allows you to select among five test 
frequencies from 100 Hz to 100 kHz 
and three test speeds, the fastest of 


rasoggey cs 
eries ! 
Linear wee 
Power G@: 
Supplies 


UL File No. E104173 
CSA Certification No. LR81336 
TUV License No. R88104-6 


e World-wide AC input capability 
100/120/220/230/240 VAC, 
47-63 Hz. 


e World-wide safety standards. 
e Single, dual, and triple outputs. 


e Tight regulation: 0.05% line 
& load. 

e Built-in OVP on 5V output: 
Optional OVP for 12V, 15V, 24V 
outputs. 


¢ Overload protection with 
automatic recovery. 


e Remote sense on main outputs. 
e 100% burn-in 
e Two year warranty. 


If you have a custom 

design, call us. Also ask 

us about our DC-DC and 
switcher lines. 

For further information, contact: 


ELECTRONICS 


CORP. 
2380 Qume Drive, Suite A 
San Jose, CA 95131 
(408) 434-0877 
Fax # (408) 434-0539 
Telex 279366 
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Real time Logic State and Performance 


analysis for the 68020 microprocessor 


PNIA-020 


The Personal 
68020 Microprocessor Analyzer 


Logic State Analyzer with increased functionality optimized for the eee 
Preconfigured for the 68020 for ease of installation and use. ‘4 i 
Extremely compact, selfcontained unit with its own processor Re eed 
and firmware, operated from a standard ASCII terminal. Fis 
Two serial ports and a transparent mode - 
eliminates need for a separate terminal. | ee eee 
Ideal for development of low level software, SREEEEEEEESEEE SOON 
operating systems, data communication etc. 
Several PMAs linked together provides 

time correlated analysis between CPUs 

in multiprocessors. 

@ Provides remote diagnostics of 68020 
systems via modem. 


STTTTTI ti 


Logic State analysis 
: ook. ADDRESS 
@ 2K Trace of 88 processor signals plus one = FFOOOSDE 
user defined input. _- sas 
: Get Frooosee soooo02 = 
@ Trace data presented in a decoded, human «39.1 -FFOOOSFS 
readable form, including coprocessor and AZ 1 Frooosre saserrr 
MMU commands. AZ 1 FFOQO4IE 6600000 
' 8 FFO00«14 203eree 
@ Disassembler for 68020 program code. Si! FFO00«1e FFOO 


scroll: 4,3 45= Group: i, 2 Jump: J Noae (with/WITHOUT | at: 4 ‘pris 
Ee Add start mark: A Remove start mark:R 


@ Powerful triggers and store qualifiers, 
Trig Output signal. 


@ Powerful search in trace memory. 


Performance analysis Moc ee 
. t Pi . position START OF “TRAC 
@ Address distribution of eigth user "Store qualifier : 
defined ranges. 


@ Cache Hit Rate Indication, total and 
distributed over eigth address ranges. 


FF ‘15% ceeeeer g 


e Interrupt levels distribution. ee os — _ S : 
: (OOQQ00-DFFFFFFF 14% ******= | 2 
000000-FFFFFFFF 0% 


<Command Line> 


For more information, 
please contact: 


VMETRO INC. 


2500 Wilcrest, Suite 530 
Houston, Texas 77042 


VMETRO A/S 

Sognsveien 75 

N-0855 Oslo 8, Norway 

Telephone (713) 266-6430 Tel.: (47-2) 39 4690 


Telefax (713) 266-6919 CIRCLE NO 233 Personal Test Instruments Fax.: (47-2) 183938 
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which is 8 measurements/sec. The 
1692 can average the results of mul- 
tiple readings. The 1698 can make 
as many as 50 measurements/sec. It 
lets you program the test frequency 
over a range of 12 Hz to 200 kHz. Its 
accuracy for RLC measurements is 
five times that of the 1659. $1950 to 
$5900. 

GenRad Inc, 300 Baker Ave, 
Concord, MA 01742. Phone (617) 
369-4400. 
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100M-SAMPLE/SEC DSO 


@ Samples high-speed transient sig- 
nals 

@ Provides 30k-word memory 
Providing 100M samples/sec, the 
VP-5741A programmable digital 
storage oscilloscope can handle 
high-speed transient signals in 
waveform-analysis projects. It of- 
fers a 30k-word memory that you 
can expand to 200k words. A 10- 
program capability allows for 100- 
step programs. The programs let 
you control the sequence of panel 
operations, calculate waveform pa- 
rameters, and enable the unit to 
take automatic measurements. The 
vendor also offers models with a 45- 
program maximum capability. The 
oscilloscope comes with a 7-in. CRT 
display that provides a digital 
readout and an autoposition func- 
tion. $9900. Delivery, stock to six 
weeks ARO. 

Panasonic Industrial Co, 2 
Panasonic Way, Secaucus, NJ 
07094. Phone (201) 348-7000. 
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PROGRAMMABLE FILTER 


@ Covers 0.1 Hz to 102.4 kHz with 
31/2-digit resolution 

@ Stores 6-parameter setups on two 
channels for five years 

The 9002 programmable filter is a 

31/2-in.-high, half-rack-width unit 

that covers the 0.1-Hz to 102.4 kHz 

range. You can program it via an 

IKEE-488 port or from the front 

panel. Its battery-backed RAM al- 
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lows 5-year storage of eight com- 
plete 6-parameter setups on each of 
the two channels. You specify the 
unit to contain two filters with any 
combination of the following charac- 
teristics: 8-pole Butterworth low- 
pass or highpass, 8-pole/6-zero el- 
liptic lowpass or highpass, 8-pole 
Bessel lowpass, or 8-pole/6-zero 
constant-delay lowpass. The last- 


Turn Good 
Ideas Into 


Good Articles 


With EDN’s FREE Writer's Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 
ideas clearly. 

Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 
professional articles. 


Get your FREE copy of 
EDN’ writer’s guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 
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INTEGRATED 


function. Toget 
complete set. ' 


works in the same ay. Each - 
component — C cross compile, 
assembler, microprocessor — 


simulator, and powerful support — 
tools — alone solves a specific ss 


program development require- 
ment. Used together, they 
provide you with a totally 


me- 

diate 
benefit 

_ from using 
‘integrated 
tools is 


performance and 

_ improved programmer 

productivity. — when you use 
our toolkit tog 


get a complete environment t for 
developing and debugging 68K 


embedded programs in real-time. 


) receive more information on 
cross development toolkit and 


an up-to-date list of compatibl 


emulators, call ou 


508- 692- 7800. 
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Cut Costs 


Use Steel Wire 
construction... ; 
one source does it all 


BR&D 


§ prototyping 

in-house tooling 

§ short runs 

B low- or high-vol. production 


0% 


on Electronic 
Chassis and 
Enclosures 


B in-house finishing 
i defect-free performance 
Bf just-in-time delivery 


Send for FREE Design Guide 
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JITCRENER E.H. Titchener & Co. 
28 Titchener Place 


P.O. Box 1706 
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Binghamton, NY 13902 
Phone 607-772-1161 
FAX 607-771-0264 
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named characteristic rolls off more 
steeply than the Bessel’s, yet main- 
tains a flatter passband response 
and provides 80 dB of stopband at- 
tenuation. $2495. Delivery, six to 
nine weeks ARO. 

Frequency Devices Inc, 25 Lo- 
cust St, Haverhill, MA 01880. 
Phone (508) 374-0761. TWX 710- 
347-0314. 
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STABILITY ANALYZER 


® Generates frequency-response 
plots of circuits 
@ System software lets you opti- 
mize design 
Incorporating HP’s 3562A dynamic 
signal analyzer, the Model 350 uses 
a menu-driven operation that lets 
you generate frequency-response 
plots of circuits. The test data it 
acquires lets you optimize your de- 
sign. The system software allows 
you to evaluate, combine, model, 
and verify data. The system works 
on an IBM PC, PC/XT, PC/AT, PS/ 
2, or compatible. The software sup- 
ports EGA, VGA, and HP’s plotter 
and printer standards. $5995. 
Venable Industries Inc, 3555 Lo- 
mita Blvd, Torrance, CA 90505. 
Phone (213) 539-2522. TLX 752421. 
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VXI BUS HARDWARE 


@ Includes cage for C-size cards 

e Interfaces VME Bus to vendor's 
controllers 

The HP E1400 series includes five 

hardware products intended for use 

by developers of card-level instru- 

ments based on the VXI Bus (VME 
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Bus extensions for instrumenta- 
tion). The HP 98646A is a VME Bus 
interface for controllers in the ven- 
dor’s 9000 Series 300 family. The 
HP E1400A is a powered, 13-slot 
cage for C-size VXI Bus cards. It 
mounts in a 121/4-in. space in a stan- 
dard 19-in. rack. Fan cooling main- 
tains a specified airflow in popu- 
lated card slots without using filler 
plates or baffles in empty slots. The 
HP E1404A is a translator module 
for slot 0 of a VXI Bus backplane. 
The HP E1490A is a C-size bread- 
board module for register-based 
VXI Bus instruments. The HP 
f}1408A is a carrier for A-or B-size 
VXI Bus modules inserted in a C- 
size backplane, and the HP E1409A 
is a stainless-steel chassis shield for 
reducing electrostatic coupling be- 
tween card-level instruments. HP 
E1400A, $6600. HP £1404A, $850. 
HP E1490A, $500. HP E1408A, 
$170. HP E1409A, $150. HP 
98646A, $1295. 

Hewlett-Packard Co, 19310 Pru- 
neridge Ave, Cupertino, CA 95014. 
Phone local sales office. 
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SUPPLY EVALUATOR 


@ Has an onboard 750W ac front 
end 
@ Features input-surge protection 
and removable line cord 
Designed specifically for the ven- 
dor’s modules, the VI-MEB-AC lets 
you evaluate converters in off-line 
applications. Its 750W ac front-end 
features include an input-surge pro- 
tection capability, a removable line 
cord, a power indicator, and a 110/ 
220V ac selection range. You can 
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WITH OUR CONNECTIONS 
YOU CAN’T GO WRONG. 


©MCMLXXXVII Phillips 66 Company- 


Today's connector designers insist on connectors 
that can stand up to vapor phase and other high 
temperature soldering operations. That's why they 
insist on Ryton’ PPS from Phillips 66. — 

Ryton PPS provides outstanding high temper- 
ature performance, dimensional stability, chemical 
and flame resistance. Combine these with Ryton's 
other outstanding physical and electrical properties 
and you get a resin that will increase both cost- 
competitiveness and performance capabilities. 

With Ryton PPS, you can't go wrong.For more 
information, call today toll-free 1-800-53-RESIN. 


PLASTICS WITH POWER TO WIN. 
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TEST & MEASUREMENT INSTRUMENTS 


plug as many as three converters 
in the 10.5x12-in. assembly. The 
evaluator allows you to test single-, 
dual-, and triple-output applica- 
tions. The unit comes with module 
sockets, heavy-duty output lugs, 
and output measurement jacks. It 
lets you access gate, trim, and sense 
connections on each converter. Indi- 
vidually fused module inputs and 
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Your Logic Analyzer 
Really Needs 


The PI-6500 Pattern Generator. 


Here's Why: 


1. The new Pulse Instruments PI-6500 Pattern Generator and your Logic Analyzer 
are a cost effective alternative to high-priced test systems. 


. Working together they offer you general-purpose digital signal send-receive 
capability. 


. You won't have to kluge digital signals or build special circuits any more— the 
PI-6500 Pattern Generator and your Logic Analyzer will do it for you. 


. You can now create interactive functions between the DUT, PI-6500 Pattern 
Generator and your Logic Analyzer. 


. You can make R&D or one of a kind test set-ups quickly and easily. 

. You can simplify digital test systems with this “off the shelf” Pattern Generator. 
. The PI-6500 Pattern Generator allows you to test at speeds up to 25 MHz. 

. You can compare actual and expected test results. 

. You can simulate any digital input signal complete with interactive control. 


. You can create complex serial and parallel digital data streams for any 
application. 


The PI-6500 Pattern Generator features specs like: 16 to 112 Channels, 
256 Trigger /Flag Combinations, Easy Programming, Serial /Parallel Modes. And it is 
ideally suited to large digital test 
systems and military applications. 


Want more information? 
Call Pulse today at: 


(213) 515-5330. 


Pulse Instruments PI-6500 Pattern Generator. 


Pulse Instruments 


1234 Francisco Street * Torrance, California 90502 ° (213) 515-5330 
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onboard sockets let you add the 
vendor’s phased-array controllers 
to the assembly. $695. 

Vicor Corp, 23 Frontage Rd, An- 
dover, MA 01810. Phone (508) 470- 
2900. TWX 910-380-5144. 
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DESKTOP CALCULATOR 
® Contains digital clock 
@ Has 12-digit LCD with 10-mm 
numerals 


The TI-5021 12-digit desktop calcu- 
lator includes a digital clock and 
uses a AA battery. Its keys are 
larger than those on handheld and 
credit-card-size calculators. The 
unit measures 5.7X7.5X1.2 in. and 
weighs 11 oz. The calculator’s fea- 
tures include 4-key memory; a per- 
cent key; a margin-up/margin-down 
key for computing prices; a right- 
shift key; a plus/minus key; and a 
numerator-denominator-exchange 
key. $35, including battery. 

Texas Instruments, Box 53, Lub- 
bock, TX 79408. Phone (806) 747- 
1882. 

Circle No 435 
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FAT CAT. 


NKK has the fattest catalog in the switch jungle. 
813,000 different devices. 34 distinct families. 
336 pages. 

But the NKK Fat Cat is not just fat, it’s factual. 
You can pinpoint the switch you need by circuit, 
actuator, termination, rating and size in seconds. 
Find all necessary ordering info on a single page. 
Plus, you can cut, paste and design-in with 


precisely proportioned inch/metric drawings. 


The NKK Fat Cat. It’s more than a reference 
source for toggle, rocker, pushbutton, rotary, DIP, 
illuminated and custom switches. It’s a valuable 
technical manual. 

Order yours today. And once you get it, dont 
let it out of your sight. 

Contact: NKK Switches, 14415 North Scottsdale 
Road, Scottsdale, Arizona 85260. 602/991-0942. 
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at 


- "e009 Aerowood Dr. ¢ Unit 4 « 


VMIC manufactures a wide range 
of parallel DMA interfaces that 
allow VMEbus connection to a 
wide range of Host computers. 


VMIVME-HSD is a VMEbus HSD com- 
patible interface to GOULD/SEL Concept 
series HSD products. This 32 bit program- 
mable DMA interface supports GOULD 
Command Chaining and Data Chaining, 
and may operate as a HSD Master, or HSD 
slave; and supports transfer rates up to 3.2 
Mbytes/sec. 


VMIVME-DRIIW is a VMEbus DRII-W 
compatible interface to DEC, PRIME, 
DATA GENERAL, CONCURRENT, SUN 
Microsystems, Elxsi, Alliant and others. 
This 16 bit programmable DMA interface 
Supports transfer rates up to 2.25 


DEC is a registered trademark of Digital Equipment Corporation. 
VMEnet™ is a trademark of VME Microsystems International Corporation. 


European Headquarters * Diamond Point International, Inc. * Unit 9 North Point Business Estate Ente Close Medway Cit Estate 
ochester-upo Punt 4 » Wi Kent ° (44) (0634) 722390 * Telex: 94011365 ° ¢ CANADIAN DISTRIBUTORS Tr 
se ai — L4W 287 « (416 


Mbytes/sec, and is programmable for either 
master or slave operation; and may be used 
back to back to form a VME to VME link. 
The VMIC DRII-W may be used to con- 
nect any DRII-W compatible peripheral 
device such as high speed laser printers, 
workstations, high resolution graphic ter- 
minals or network nodes to the VMEbus. 
DRII-W links are common with SUN 
Microsystems. 


VMIVME-DMA is a general purpose DMA 
interface to the VMEbus, and supports 8, 
16, and 32 bit transfers, at transfer rates up 
to 5.0 Mbytes/sec. The board may be used 
in a back to back configuration to provide 
a high speed 32 bit DMA link between two 
VMEbus systems. 


VMIVME-VMEnet™ is a high speed 
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Couver, B.C. v7b187 ° ae 984-4141 


625-7752 « Tracan Electronics Western Ltd. « 1859 Weich a 


HHA 


parallel multidrop DMA controller. Up to 
17 totally independent VMEbus systems 
may be linked together. This board supports 
8, 16, and 32 bit transfers at rates up to 4.76 
Mbytes/sec. The board incorporates RS-485 
differential line drivers and receivers that 
support high noise immunity and links up 
to 2000 feet. 


FOR MORE INFORMATION CALL: 


VME Microsystems International Corp. 
12090 South Memorial Parkway 
Huntsville, Alabama 35803 

(205) 880-0444 

Toll Free 1-800-322-3616/ext. 1007 


racan Electronics C ag 4 S ae 
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Digital I/O Modules Analog I/O Modules Prototyping Modules 


OUR FAMILY HAS GROWN! 


And now provides you with complete 
VMEbus solutions. 


Several years ago, we started small in For a lot more information on our grow- 
industrial VMEbus I/O modules. Our ing family of VMEbus modules, write or call 
sales grew. And our customers asked us today. 

for more. 


So our product line grew, too. Today 


you can select from our complete family 
of VMEbus boards. In single-high or 


double-high. Including complete devel- 
opment systems. Backed by the best The Hardhat Computer People. 


xycom 750 North Maple Rd., Saline, MI 48176 
support and warranty in the business. (313) 429-4971 TWX 810-223-8153 
CIRCLE NO 205 


VME Products Software Support 

Processor Products ESDI Controller 3U and 6U Develop- OS-9* 

Memory Products BITBUS Controller ment Systems PDOS* 

Digital I/O PAMUX Controller VME Terminal PSOS* 

Analog I/O 1553 Interface Products UNIX V/68K* 

SCSI Controller Module Servo Controller SUN Workstations* 

Winchester/Floppy Thermocouple Input Module VERSAdos* 
Controller Module MTOS* 


* Trademarks are acknowledged to: Microware Systems Corp. (OS-9); Eyring Research Institute, Inc. (PDOS); Motorola, Inc. (VERSAdos); V/68K 
Motorola, Inc. (UNIX); Software Components Corp. (PSOS); SUN Microsystems, Inc. (SUN Workstations); Industrial Programming, Inc. (MTOS). 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


WINDOWING TOOL 


@ Complies with Version 11 of the 
X-Window standard 
@ Runs on Symmetry computers 
under DYNIX 3.0 
S-Windows is a windowing-manage- 
ment toolset that is fully compliant 
with version 11 of the X-Windows 
standard and runs on the vendor’s 
Symmetry series of multiprocessor, 
multiuser computers under Dynix 
3.0 (the vendor’s version of Unix). 
The package includes the standard 
subroutine library (xlib) and the X 
toolkit, which provides such func- 
tions as menu call-up and scrolling. 
S-Windows takes full advantage of 
the parallel architecture of the com- 
puters. The package supports all of 
the standard MIT applications, in- 
cluding a terminal emulator, a win- 
dow manager, and a bit-map editor. 


$2495, Symmetry S27 version; 
$2995, Symmetry S81 version. 
Sequent Computer Systems Ince, 
15450 SW Koll Pkwy, Beaverton, 
OR 97006. Phone (800) 854-0428; in 
OR, (503) 526-4032. 
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SMALLTALK FOR MAC 


® Contains all the features of 
Smalltalk/V -286 
@ Runs on Mac II, Mac SE, and 
Mac Plus 
Smalltalk/V MAC is an object- 
oriented software-development lan- 
guage that is particularly suited to 
the development of AI-related pro- 
grams. MAC _ user-interface 
conventions are closely followed, so 
that any application developed in 
this language looks like a standard 


© Window Edit Doit Classes Method 


System Transcript 


Italk/U Mac version 1.0 
right 1988 Digitalk, Inc 


HARD DISK: 7161K yp 
| ——sWorkspace si ' 
5h ite al EG £ 


a 


SE Ee ET Ss ns ena 


owser 
demollenu 
anage on 


ector := ®mandala, 
ze := rectangle height min: rv 
Display white: rectangle. 
pen place: center; 


ea a 


MAC application program. Small- 
talk/V MAC can coexist with any 
other software resident in the MAC 
and can also work under MultiFind- 
er; it has complete access to the Mac 
toolbox. The Smalltalk/V MAC 
package provides multitasking fa- 
cilities so that, for example, you can 
perform program development as a 
foreground task while tranferring 
files over communications lines as 
a background task. You can develop 


Data Acquisition Processor 


The DAP 1200/4 

uses microprocessor 
technology to provide 
data acquisition 
without programming. 


On board intelligence for IBM PC/XT/AT 


Microstar’s DAP 1200 manages the entire data acquisition and 
control interface inside a personal computer. By providing the 
intelligence for data acquisition, the DAP 1200 speeds 
development and minimizes risk. 


¢ Reads analog and digital inputs to 150,000 s/sec 
¢ Buffers and processes input data as required 
¢ Controls analog and digital outputs 
Comp are to LH Series TMF ! ¢ Performs real-time computations on I/O data 
¢ More than 100 commands without programming 
More power! Better specs! Better prices! ¢ Commands include: Average, Scale, Peak Detection, Range 
: RSP Detection, Logic, Integration, Differentiation, 
@ Safety & EMI 9 Go AY @ 42 models Thermocouple Linearization, Closed Loop Control (PID, 
@ Form & function equal @ 1-5 outputs PWM), Event Detection, Auto-Range (to 102 dB), Digital 
Filter, FFT 
@ 2 year warranty Wi S-48V, to 120A ¢ Custom commands may be written in C. 3 
@ Direct from stock ¢ Full documentation with applications and tutorial $20 


¢ Digital I/O from $995, Analog I/O from $1595 


Now for a limited time — purchase 
small quantities @ 100 piece price! 


Microstar Redmond, WA 98052 
Tel: (206) 881-4286 
Call Toll Free 1-800-523-2332 I cnowernes Telex: 5106013473 


2863 152nd Ave. NE 


Fax: (206) 881-5494 


, Be eg P.O. BOX 1369 ™ WISSAHICKON AVENUE, NORTH WALES, PA 19454 
lire frrac. /ff PHONE: 215/699-9261 TWX: 510/661-8061 
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Fujisoku—a world leader in 
technology for the information age— 
introduces the Memory Card. 

Now you have the necessary 


> | tools to design products with 
, eal | ‘a i] . advanced storage and transfer capa- 
" yo | bilities. Potential applications are 


limited only by your imagination! 


. Current specifications cover- 
i] rind | | O i] | ing Memory Cards (available in SRAM, 
: whee : PROM, EPROM, MASKROM and 


EEPROM) and associated peripheral 
equipment (including RS-232C Read/ 
Write Unit and PROM Writer Adaptors) 
are available upon request. 

For more information call our 
toll-free number, 


1-800-323-0315 
(in Illinois call 1-312-640-8640). 


CIRCLE NO 235 


FUJISOK CONTACT } 
See 1 SO MIGMA 


\ 80 Martin Lane 
\ | Elk Grove Village, IL 
' : 60007 

Fax 1-312-640-1276 


CAE & SOFTWARE DEVELOPMENT TOOLS 


very large data structures that are 
limited only by the amount of avail- 
able memory. The debugging fea- 
ture can show all currently execut- 
ing “methods,” highlighting the cur- 
rently executing source-code state- 
ment. This feature allows you to in- 
spect and change all objects, correct 
source-code errors, and single-step 
through the application program 


ae mere 


under test. The documentation in- 
cludes tutorials, a reference manual 
for the Smalltalk/V language and 
development system, and an ency- 
clopedia of classes. You'll need at 
least 1M bytes of RAM to run this 
package, and it can use all available 
memory for your programs. 
$199.95. 

Digitalk Inc, 9841 Airport Blvd, 


a 
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Under One Roof 


Now you can have speed, quality and a total premium service— 


under one roof. 


Sun Circuits specializes in prototype printed circuit board fabri- 
cation and pilot runs. We're efficient and we’re fast. From photoplotting. 


to panelization, fabrication, hot air levelling and electrical test, 


Sun Circuits has it all in-house. 


The next time you face a critical deadline or just want it now, call the 


experts at Sun Circuits, toll free, 800-PCB RUSH. 


SUN CIRCUITS 


5191 Lafayette Street - Santa Clara, CA 95054 - (408) 727-7784 
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Los Angeles, CA 90045. Phone 
(800) 922-8255; in CA, (213) 645- 
1082. 

Circle No 416 


COMM APPLICATION 


@ Lets you store and share Mac 
files with a VAX 

® Provides data compression with 
a 7-bit file protocol 


The VMacS communications appli- 
cation version 2.0 provides a Macin- 
tosh connection to VAX. Using the 
software, you can store and share 
files with a VAX. You can also use 
the software with most protocols 
and emulators. It provides a 7-bit 
protocol, as well as an 8-bit Xmodem 
protocol. Using a data-compression 
algorithm, the software speeds 
data-transfer rates. It can translate 
an international character set and 
control characters in other systems. 
This feature lets you convert 
spreadsheets, databases, and word- 
processing files into text files. The 
software supports MacWrite 4.5 


and Microsoft Word 3.0 file conver- 


sions. Upgrade, $25; single-user li- 
cense, $399; multiuser license, $999. 
White Pine Software, Box 1108, 
Amherst, NH 03031. Phone (603) 

886-9050. 
Circle No 417 


LANGUAGE TRANSLATOR 


e Lets you translate from Pascal 
to C or vice versa 
® Can be modified to translate from 
and to other languages 
QPARSER+ can automatically 
construct the syntax trees that are 
needed in order to translate from 
one programming language to an- 
other and provides a technique for 
the resolution of grammatical con- 
flicts. The program uses an ad- 
vanced pragma language to gener- 
ate code within the skeletons for 
both C and Pascal; however, you 
can modify the language and cus- 
tomize the skeletons to generate 
code for other languages. For exam- 
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446-1605 
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THE POWER SUPPLIER” 


co/TDK Switching Powef Supplie 


Kep 


Sf 
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PP eee ee 


e The switcher you’re looking for is probably in this just published 56-page catalog, #146-1605. More than 200 models. 
e a-c to d-c: Heavy-duty, industrial grade, 50W to 1500W; OEM modules, 3W to 240W; very low profile, very compact modules, 15W to SOW. 
e d-c to d-c: Transformer-isolated 300KHz converters, 30W to 150W. 
e Custom multiple system power assemblies: any combination of Volts and Amperes you need, 
with all the meters, lights, switches, test points, circuit breakers, etc., you want. 


Call or write Dept. KXF-12, KEPCO, INC., 131-38 Sanford Ave., Flushing, NY 11352 USA + (718) 461-7000 » TWX: #710 582 2631 « FAX: (718) 767-1102 
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Metallized 
plastic film: capacitors 


: - gories, 80 Opercentof 
the transients havea 
duration of 1 to 10us, ae - 
an amplitude of up to 1,20 
However, transients Ip to 


In the power ple: or ‘household 
appliances that you manufacture, = 
RFI capacitors have two PANU a 
poses. (1) eliminatingthe harmful = 
effects of radio frequency interfer- = 
ence, RFI. (2) protecting your equip- a 
ment against transients from the = oe 
mains, 
In most applications, an RFI 
cap has to take a lot of punishment. 
To define the various kinds of — 
disturbances and irregularities i In . : oe 
the voltage wave, UNIPEDE cent oe Inmany ca cases, the cap pou 
carried out aninteresting survey. —schooseis the determini ing. factor for 
On two separate occasions, mea- ae . 
surements were taken in most Euro- - soe 
pean countries. > a Cape 
The results may come as a sur- a ie film caps. 5 (2) metalized 0 paper 
prise to you. - S 5 Gaps. Out of ive a makes tested 
On average the transients occur o. it the Rifa | 
more than ten times a day, and their = a 
pulse steepness is acute, approxi- ee 
mately 200-2,000 vcs OFallate-_ . 


Box 945, $-391 29 KALMAR, Swed 


ce Telefax +46 400 15179 


ized paper capacitors | 


oug est ones give in, Rifa caps still 
maintain a safe margin, not an 


until 4.5 kV. 


~ QUALITY IN OUR BOOK 


In our book, QUALITY means meeting 
your customer's performance require- 
ments, and he certainly doesn’t ex-. 
pect your product to break down or 


cause interference to radio frequen- ' 


cies, does he? | 
Rifa capacitors are made to meet 


“ae the needs of practical applications, 
~ notjustto come up toa standard. 


‘So if you want all your products 


to perform faultlessly in any country, 


which capacitor doyouchoose? 
To start with, sendforourfree 


brochure “Why nee oe nolan | oS 


Not Enough”. 


*) Starting level for failures caused iby: transients. | : 


Please send the coupon to: RIFA AB 
Box 245, 2: 391 2g Kalmar, Sweden - 


& Phase anil me my copy of your new 


ea carats ccm ‘sateen ‘mamairmet ‘mesa ‘mea cmmem ‘eminem eecimmaies, emma 


brochure “Wh y meeting standards i isnot 
— enough”. 


Name | 
Company 
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ple, you can use QPARSER+ to 
create translator programs for Pas- 
eal or dBASE III to C, Basic to 
Pascal, Bit Map to PostScript, and 
many other combinations. You can 
also create programs to convert 
files from the format of one word 
processor to the format of a differ- 
ent word processor, or from one 
CAD format to another. The pro- 
gram runs on IBM PCs and compa- 
tibles that have at least 256k bytes 
of RAM and two disk drives and 
operate under PC-DOS 2.0 or 
higher. Another version runs on 
VAX/VMS machines. PC version, 
$300 till 12/31/88, then $475; VAX 
version, $2000. _ 

QCAD Systems Inc, 1164 Hyde 
Ave, San Jose, CA 95129. Phone 
(408) 995-5272. 
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LEVEL-SENSING SYSTEM 


® Collects product levels for fast- 
moving containers 

e Runs on IBM PCs and compa- 
tibles 

The model SW-2005 data collection 

program collects container levels 

from the vendor’s LS-100 level- 

sensing hardware and saves them 

in a disk file that you can subse- 

quently analyze with Lotus 1-2-3. 
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The LS-100 determines the level of 
product in a moving container by 
echo-sensing methods. To run the 
software, you'll need an IBM PC 
or compatible that has at least 512k 
bytes of RAM, two floppy-disk 
drives (a hard disk is recom- 
mended), the vendor’s model IF- 
100 communications adapter board, 
the vendor’s SW-100 basic commu- 


nications logic module, and DOS 
version 3.0 or higher. You can col- 
lect the level readings only or the 
level readings plus the component 
echoes. $850. 

Hyde Park Electronics Inc, 4547 
Gateway Circle, Dayton, OH 45440. 
Phone (513) 435-2121. TWX 910- 
380-6049. FAX 513-435-6375. 
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A: Eagle-Picher, we don’t think you should have to 
compromise valuable circuit board space simply because some 
battery manufacturer elected to make round batteries. 

Electronic circuit board “real estate” is becoming increasingly 
valuable. Consequently, engineers are faced with more complex 
decisions regarding their back-up power source. Keeper II's unique 
prismatic configuration provides effective utilization of board space 
with maximum energy density characteristics. 

Packaged the way circuit board components were meant to be, the 
Keeper II has been proven highly dependable in stand-by power 
applications where years of reliable memory back-up is required. 
Eagle-Picher manufactures 100% of the Keeper products in the USA. 

So, no matter what your power requirements are, count on 


Eagle-Picher. Because Board Space Is Too Valuable To Waste. 


EAGLE|=>PICHER 


ELECTRONICS DIVISION 


Box 130 « Bethel Road « Seneca, MO 64865 


Phone: 417-776-2256 * TWX: 62864271 « FAX: 417-776-2257 
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Call for 
your 
FREE 
DEMO 
DISK 


EZ-PRO Emulation+ 


Prom the experience leader in emulation, the widest selection of 
microprocessor development support, hosted on IBM® PC-XT/AT, 
PS/2™, Macintosh II™, VAX™, and Sun Workstation’. 


~ C-Thru™ integrated C source-level debugging, including setting 
breakpoints and stepping by source line, tracking variables in 
native format, stack-frame trace-back. 


che Show-Tyme™ performance analysis by software activity 
| distribution and interaction frequencies, with detailed timing 
histograms and advanced breakpointing. 


EZ-PRO Supports... 
1802, 1805, 1806AC, 6303R, 6301V1, 63701V0, 6301X0, 6303Y0, 6303X, 6303Y, 
6309, 6309E, 64180R0, 64180R1, (10 MHz), 647180, 6502, 6503, 6504, 6505, 6506, 
6507, 6512, 6513, 6514, 6515, 6800, 6802, 6808, 6801, 6803, 68HC05C4, 
68HC05C8, 68HC05D2, 68HC05E2, 68HC05E3, 6809, 6809E, 68HC11A2, 68HC11A8, 


68000, 68008, 68010, 8031, 8051, 8032, 8052, 8344, 80C515, 8035, 8039, 
8040, 8048, 8049, 8050, 8085, 8086, 80C86, 8088, 80C88, 8096, 8097, 80C196, 
80186, 80C186, 80188, 80C188, 80286, 8X300, 8X305, NSC800, Z80H, Z180 


and more 


AN american automation 


2651 Dow Avenue ® Tustin, CA ¢ 92680 e Tel: (714) 731-1661 ¢ FAX: (714) 731-6344 


IBM is a registered trademark of International Business Machines, VAX and MicroVAX are registered trademarks of 
Digital Equipment Corporation, Macintosh is a registered trademark of Apple Computer, Inc., Sun Workstation is a 
registered trademark of Sun Microsystems, Inc. CIRCLE NO 94 
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CAE & SOFTWARE 


CADD SOFTWARE 


® Provides preprogrammed draft- 
ing standards 

@ Lets you move elements incre- 
mentally 


The Anvil-1000MD version 1.3 com- 
puter-aided design and drafting 
(CADD) software runs on the IBM 
PC/AT and compatibles. The soft- 
ware provides 2%-D elements. A 
nest function lets you insert ele- 
ments incrementally; the software 
also lets you use implicit points, 
such as the center of a circle or a line 
bisect. An updated data-entry check 
allows you to enter numerics and 
algebraic notation. The software 
conforms to the ANSI 1973 and 
1982, as well as five other drafting 
standards. The software supports 
the VGA, PGA, and EGA stand- 
ards. $2995. 

Manufacturing and Consulting 
Services Inc, 9500 Toledo Way, Ir- 
vine, CA 92718. Phone (800) 556- 
1234, ext 116; in CA, (800) 441-2345, 
ext 116. 
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HELP UTILITY 


@ Lets you add on-line help to exist- 
ing programs 
@ Runs on any IBM PC or compat- 
able 
Helpmate is an easy way to add con- 
text-sensitive, on-line help to any 
existing program that runs on an 
IBM PC, PC/XT, PC/AT or compat- 
ible machine. Installation consists of 
preparing (with an editor or word 
processor) an index file that con- 
tains keyword definitions and either 
short help messages or references 


_ toa longer help file that you created 


with the editor and stored on disk. 
You must also define the Help key 
that calls up the help utility. When 
you press the Help key, the mem- 
ory-resident help program looks for 
the word at, or closest to, the cursor 
position. The program then looks up 
this word in the index file that you 
prepared and displays the help mes- 
sage or a complete screen of help 
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on the block! Use 


Design Concept 
Through 
Fabrication 

in Just 5 Days! 


That’s fast. But are there any 
surprises? Certainly! Unilayer II starts 
with a pre-manufactured universal board 
module and adds computerized discrete 
wiring, zero-profile contacts, and 100% 
continuity testing. And — here’s the 
surprise! — there’s no drawn-out design 
cycle, no time-consuming artwork 
generation, no lengthy manufacturing 
process. That’s why it’s so fast. 


VAX is a registered trademark of 
Digital Equipment Corporation 
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Lean and Mean 
Tooling Costs! 


How lean? Tooling charges for 
Unilayer II are typically 90% less than 
multilayer. And, since the discrete wires 
are laminated to pre-built board 
modules, there’s no artwork to be 
generated. That means minimum up- 
front charges and rapid-fire delivery with 
Unilayer 1, 


Plug In Your 
Components! 


Stuffing your board is a breeze. All 
Unilayer Il boards are provided with 
zero-profile Holtite contacts, so you can 
plug your IC’s directly into the board, 
without soldering and without creating a 
higher profile. Just plug in your 
components for smooth skating. 


VISIT US AT BUSCON EAST OCT 4-6, BOOTH 419 


“INTERCONNECTION 


STEMS 


CIRCLE NO 208 


Roll In 
Your Database 
Electronically! 


It's easy — just have your computer 
talk to our computer. Your schematic 
can be transmitted directly via modem 
from your CAE workstation to our VAX® 
computers. So implementing your 
Unilayer II design can be as simple as 
dialing a phone. 


Want to 


Send tor the 
Unilayer IZ 
Product and 
Design Guide 


Callior a 


process Video 
Demo or 
additional 
information 

(Ask for Unilayer) 


44 50 
4 apage 

4, Wj fta, 
le itige 
Y at, 
at 

tgs. 


40 Perry Avenue, P.O. Box 1037, Attleboro, MA 02703 
(617)222-2202 FAX (617)226-5257 TWX 710-391-0644 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


text relating to the word at the cur- 
sor position. A help screen may it- 
self call up other help files. To run 
the program, you need a PC or com- 
patible that has at least 128k bytes 
of RAM. $15. 

Pulse Research, Box 696, 
Shelburne, VT 05482. Phone (802) 
985-2928. 

Circle No 421 


SIMULATOR 


@ Simulates transmission lines in 


pc-board designs 
@ Uses the design’s database to an- 
alyze signal quality 


The Transmission Line Calculator 
electromagnetically simulates 
transmission lines in pc-board, hy- 
brid, and system-level designs. The 
software works on IBM PCs with 
math coprocessors, as well as Sun 
and Apollo workstations. Because 
the software uses the design’s data- 


Since 1812. 


We've been delivering precision 
and quality since 1812, and our 


experience has made us a 
leader in electromechanical 
contact technology. Our 


base to check signal quality, you 
don’t have to generate test vectors 
or input patterns. When combined 
with the vendor’s Motive analysis 
tool, the software provides worst- 
case analysis. It lets you check for 
path delays and clock skew in digi- 
tally synchronous designs. From 
$3550. 

Quad Design Technology, 321 N 
Aviador Blvd, Suite 111, Camarillo, 
CA 93010. Phone (805) 987-6221. 

Circle No 422 


GRAPHICS LIBRARY 


@ Includes more than 600 C graph- 
ics functions 

@ Provides both C and Fortran pro- 
grammer interfaces 

GF'X-4000 is a high-performance set 

of graphics tools that are based on 

the proposed PHIGS (Program- 

mer’s Hierarchical Interactive 

Graphics System) standard. PHIGS 


a 


unmatched skills in special alloys, metal forming, and pre- 
cision insert molding — plus in-house engineering and 
CAD/CAM services — let us provide a complete source for 
custom contact devices. From concept through production, 
this single-source responsibility eliminates the need for 


multiple vendors. For a free evaluation, call (203) 242-2281. 


The J.M. Ney Company, Electronics Division 
Ney Industrial Park, Bloomfield, CT 06002 


| vav 


CIRCLE NO 93 
306 


was designed for large time-sharing 
systems; GF'X-4000 contains exten- 
sions and enhancements that im- 
prove the performance, capabilities, 
and usability of the tools on work- 
stations. The toolset is written in- 
C for the sake of portability, con- 
tains more than 600 C graphics 
functions, and provides interfaces 
to both C and Fortran programs. 
It runs on VAX machines under the 
VMS operating system and is 
tightly integrated with DEC’s VWS 
window-management system; fu- 
ture releases will also support the 
DEC Windows manager, which is 
based on X-Windows. A version for 
Sun workstations will be available 
late in 1988. Prices start at $3500 
for a single VAX CPU license (run- 
time version, $1250). 

Precision Visuals, 6260 Lookout 
Rd, Boulder, CO 80301. Phone (803) 
530-9000. TLX 296428. 

Circle No 423 


VERSION CONTROL 


@ Automates program regeneration 
after module modification 

® Operates with both OS/2 and DOS 

Lugaru Make is a Unix-compatible 

“make” utility that automates the 

regeneration of your software sys- 

tem after you have modified one or 


‘more modules. It detects error 


codes returned from programs exe- 


cuted within batch files and from 


programs initiated by other pro- 
grams. The intelligent error-han- 
dling feature ensures that if the 


utility detects an error while com- 
piling one module, regeneration of 
that module will terminate, but 
other modules not affected by that 
error will be correctly regenerated. 
The package includes executable 


versions for both DOS and OS/2, so 


that you can use it after porting a 
program from DOS to OS/2 or to 


_maintain versions for both operat- 
ing systems. $69. 


Lugaru Software Ltd, 5843 


Forbes Ave, Pittsbugh, PA 15217. 


one (412) 421-5911. 
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__ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


COMPLETE 
MIL-STD-1750A BASIC 
| Seen comedies COMPUTER 


MMU option 
complete software 


‘Access to all PC system 
resources - 
* Real time 1750A ISA implementation 


Another industry first from 


_— Sabtech industries 
SD 5105 Prospect Ave, Yorba Linda, CA 92686 
(714) 524-3299 — Fax (714) 524-3290 


Motion Control / Vision Systems® 
ADVANCED MICRO SYSTEMS, INC. 
Hudson, NH 03051-9989 e 1-603-882-1447 ext. 426 
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EE DESIGNER Ill 
integrated End-to-End System 


e Schematic Capture 
¢ Logic Simulation 
e Analog Simulation 
e Full PCB Layout 
/ : ¢ Backannotation 
ie .. | : e Autoplacement 
INDEPENDENT, DUAL OUTPUT, sai — a e Autorouting 
HYBRID CLOCK OSCILLATOR . © Pen & Photoplotting 
This innovative clock oscillator provides two distinct frequen- ° PC-Based 
cies from two independent quartz crystals mounted in a 
Standard 14 pin metal DIP. Note the following beneficial 
features: 
e Two independent outputs from 4MHz to 60MHz. 
e High speed CMOS output with full TTL compatibility. 
e Saves board space. 


Call For Free Evaluation Package 
(714) 474-1145 
FREE TRAINING & HOTLINE 


e Can cost less than two single output clock oscillators. Distributed by 
e Saves purchasing, inventory, and assembly costs. = ~~ 
Six models are available depending on desired over-all fre- isi dh 


quency stability (100ppm to 25ppm) with an operating 
temperature range of 0 to 70°C. 
PLETRONICS INC. 
9026 Roosevelt Way N.E., Seattle, WA 98115 
Phone: (206) 523-9395 FAX (206) 525-2350 
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17932 Sky Park Circle 
Suite D 
Irvine, CA 92714 
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The Best 


Programming Site 
money can buy. 


(Isn’t the most expensive.) 


The 135 is a gang and set programmer with 
Universal device capabilities, making ob- 
solescence obsolete. It supports more devices 
than any other production programmer (vir- 
tually all EPROMs up to 40 pin). It has options 
to program logic devices, 40 pin micros and 
bipolar PROMs. On board memory is expand- 
able to 2 MB. The 135 comes with 12 months 
of FREE updates plus an 18 Month Warranty. 
And, 4 operating modes plus DATA |/0* pro- 
tocol compatibility mean unmatched 
flexibility. 

BYTEK, the leader in low cost/high perfor- 
mance technology. 


1-800-523-1565 


OR 1-407-994-3520 
Fax: 1-407-994-3615 Telex: 499 8369 BYTEK 
*DATA I/O is a registered trademark of DATA |/0 Corporation. 


Model 135-U Model 135-E 
$1,895.00 $995.00 (U.S.) 


BYTEK CORPORATION Instrument Systems Division, 
‘508 NW. 77th St., Boca Raton, FL 33487 
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5W to 80W DC/DC Converter 
¢ Compact size, low ripple & noise 
e 1/0 isolation, min. 500VDC 

© Single/dual/triple/quad output — 

© High Eff. up to 85% 

© Excellent output regulation 
e Over current & short current protection — 


Portable Computer Power Supply — - 


e Compact size 
e Universal input from 90-260 VAC continue 


PORTABLE DISC DRIVE CONNECTOR 


L Series Rack & Panel Connectors provide in excess 
of 100,000 cycles with excellent electrical repeatability. 
The rugged blind matable float design and low insertion 
force contacts provides the performance needed in 
removable disc drives. Crimp and solder style contacts 
for 8, 15, 25 and 50 amp use are available. Meets per- 
formance requirements of MIL-C-28748A. : 
HYPERTRONICS CORPORATION 


16 Brent Drive, Hudson, MA 01749 
(508) 568-0451 


HIGH DENSITY CIRCULAR PROCESS AND 
MEDICAL EQUIPMENT CONNECTORS 


D Series 7, 9 and 12 contact cable to cable and chassis con- 
nectors provide MIL quality contacts in impact resistant . eee ly nt able computor — 
polycarbonate housing. Keyed simple push button lock 

minimizes use problems. Solder cup or crimp contacts are SPECIAL DESIGN ORDERS ARE WELCOME!! 


useable in either housing. KENSMAR INTERNATIONAL ENTERPRISE CO., ‘LTD. : 
HYPERTRONICS CORPORATION TFL, No. 160, Sec. 5, NonKing E.R, Toi, ‘ck a 
16 Brent Drive, Hudson, MA 10749 Tel: (02)7636651 (REP) P.0.Box 67-822 

(508) 568-0451 Tix: 29805 KENSMAR Fax: 886-2-7678763 
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IEEE-488 


CABLES and ACCESSORIES 


he most comprehensive line of unique & 
nuch needed accessory items. 


@ Extenders & Reversers 

_ @ Bulkhead Feed-Thru Adaptors 
=| @ Metal Receptacle Covers 

7 @ 90° Connector Adaptors 

e@ 4&8 Pos. Multitap Adaptors 

| @ 2&4 Pos. GPIB Switch Boxes 
SS e GPIB 3-1/2"x19" Patch Panels 


“3, Make L-COM your single source 
of supply for al IEEE-488 inter- 
connection product needs. 
The best GPIB Cables money can buy. 4 
shields meet or exceed IEEE-488 stringent 
1 shielding requirements. Our design offers 
| improved flexibility and reduced connector 
:| tear probability. Try one, abuse it, and be 
<{ convinced of our superior features and 
} quality. Ask for L-COM’s premium CiB24 


CIRCLE NO 331 


CIRCLE NO 333 


S.I. TECH F/O BIT-DRIVERS = 
IBM PC/XT/AT COMPATIBLE 
with Diagnostic Software - 


Model 2320 | and Il Bit-Drivers. are bdaidslevel : 
communications products with single or dual 
RS-232 full duplex channels. They connect 

and operate inside any IBM PC/XT/AT or 
similar computer systems, as well as personal | 
computers. No need for RS- 232, cables and — 
external modem devices. Plus you al} get diag- _ 
nostic software to help you bring your fiber 
optic communications channel on-line. Data 

rates up to 19.2 KBps; distance to 15,000 ft. 

(5 km). Small size, light weight and EMI/RFI 

problem-free. Status indicators are standard. — 
Volume discounts. For aus atie! Model 2320 : 
specifications, write to: : 


QUALITY EL BACKLIGHTING. FAST, AFFORDABLE 
To backlight or not to backlight? With BKL’s EL 
lamps, the answer is simple, inexpensive and | 
fast! BKL’s new, extremely thin (.012” to .018”) © 
high quality lamps are made from Kard-O-Lite, 
a patented, flexible electroluminescent ma- 
terial that’s easily die-cut to any size, any 
shape. For the fastest turnaround in the in- 
dustry, at a drastically reduced cost, call Dean 


_ Smith, 215/277-2910. FAX us your specs: sh cpp 2 ag 
215/277-2956. 


BONAR KARD-O-LITE™ | Call: 800 343-1455 |—6cSLI TECH 
421 Feheley Drive : — DATA PRODUCTS FO. ae al Geneva, IL 6014 
King of Prussia, PA 19406 N. ANDOVER, MA 01845 [im o r call: 312/232-8640 
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TTC OFFERS HIGH QUALITY fai ea = : 
BUT LOW COST PRODUCTS. | es 


CROW * COLUMN x 


100 MHz Waveform | 
Digitizer — | | 


PLCC 


tCAH a : . ee Ss 
@ STR&832 
SIMM is a Trade Mark oe 
of Wang’s 
Edge Card : Laborotories. 


ctor 
yore SIMM Socket 


1. SIMM Socket (Special disign) -Signle Row & 
Double Rows (Vertical & Angle) All can be stacked. 


Oynamic RAM Timing) 


TIMING DIAGRAM SOFTWARE 


The fastest A/D boards for | 


Design Aid: = sgn ae 
2. PLCC Socket -28p. 32p. 44p. 52p. 68p. 84p os 
3. Edge Card Connector -6p. 36p. 50p. 60p. 62p. 80p. Quickly draw and edit waveforms. your data acquisition need Ss 
86p. 98p. 100p. 104p. Documentation Tool: @ transient rates of 25, 32, and 100 MHz at 8 bits 
4. |.C Socket -8p. 14p. 16p. 18p. 20p. 24p. 28p. 40p. Easily label waveform drawings. # time equivalent sampling rates up to 800 MHz 
34p (16p & 18p can be changeable)-4 Rows ® bus interface allows 1.5 MHz throughput rates 
5. Shunts (Mini Jumpers) -Open entry, close entry. @ many trigger modes; 64K memory per channel © 
6. pin Headers: 2p-40p (Single Row or Double Rows 


IBM PC with mouse required. @ XT, AT & 386 compatible; prices from $1750 


@ free drivers and digital oscilloscope software _ 
oe perec for radar, ultrasound, ATE, ‘obotics . 


SONOTEK — 


8700 Morrissette Drive, Springfield, Virginia 22152 of 
703-440-0222 @ Telex 910-250-5257 @ Fax 703- “440-9512 g 


Straight or right Angle) 


TTC Shih Hsin Precision Corp. 


Address: No. 234 JUN SHINN STREET, SHU-LIN 
TOWN, TAIPEI, TAIWAN, R.O.C. 


| TEL: 886-2-6894655, 6894656 . CEDRUS 


TELEX: 33210 TTCCO FAX: 886-2-6894657 10980 S. W. Bist, Tigard, OR 97223 (503) 620-2510 
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To order Timing Diagram, send check or money 
order for $149 to: 


_ RESISTORS | 


- SURFACE 
|| | MOUNT 


| 1% Tol. RC1206 & RCO805 in Stock 
Wrap Around Terminations 
wi Nickel Barrier | 

|| 24 Hour Delivery Our Specialty 
|... 401-683-9700 


Pe : International Manufacturing Serv. 
| 50 Schoolhouse Lane. Portsmouth. RI 02871 


LEADLESSCHIP 

TOWIREWRAPADAPTERS CT 

- Save prototyping time, these LCC, PCC and PGA socket _ 

adapters provide the designer with alabeledtestpointforeach _ 

pin and are available for 28, 44, 52,68 and 84 pinchips. WW | 
pin rows are on .3” centers. Unit pricing for the 68 pin version 

is $49.00 delvered from stock. : ee 


Fax: 401-683-5571 Ss nes : , . AntonaCorporation = 
ss = = 1290 Parkmoor Ave., San Jose, CA 164312 Westwood Bivd., L.A., CA 90024 
800-523-5207 or inside CA 800-628-8748 2 (213) 473-8995 _ a 
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Kees 


ee _ MICRO/Q 2000 7 PC based PROGRAMMER voltage spikes and surges. Priced fr 
FOR A DECOUPLING CAPACITOR THAT SAVES $599.00* Ne $506 
- SPACE, DEFEATS NOISE, IS SUITABLE FOR *modules not included. : ae : 7 


MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 
ROGERS MICRO/Q® 2000 


(714) 540-4229 


From A Name You Can Trust I 540-4229 
~ FAX 714-641-9062 


LOGICAL DEVICES, INC. 


Rogers Corp., 2400S. Roosevelt, : Ce 
Bes eats 602/967-0624 : 1201 N.W. 65th Place, Ft. Lauderdale, FL 33309 [7hiam Puls asa ee Sue 
—— — ) 1-800-331-7766 (305) 974-0967 _ Santa Ana. CA 92704-6865 
: eee Telex 383142 Fax (305) 974-8531 Se 
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SEE DATA ACQUISITION: 
— , NEW 20 MHz for<$1500! 


IS_SPICE/386 me : 
==| $386.00 _ _ Plug-In Board and Software: 
= | Runs on386PC'sin | as Digital Storage Oscilloscope 100 F H0F  120F —130F 
SS | protected mode 2 e 2 Channel: 10/20 MHz — TURN BLACK “ RATING SHOWN 
| Uses 287° 387 or e Setups from Keyboard or File : 
e Spectrum Analyzer 
_ @ Math Functions 


Ce  W1167 coprocessor 
_ IS SPICE, $95.00: Performs AC, DC and Tran- 
e Output fo Printer, ASCII File 
or 1-2-3 


__ Sientanalysis; runs on all 80?86 PC'sinreal mode. 
= PRE_SPICE, $200.00: Adds Monte Carlo Analy- — 
e Buffer: 4K, 16K, 128K 
Call to order or for information 


_ sis, Sweeps, Optimization, libraries and algebraic 
— (800) 942-1441 


_ parameter evaluation . 
Master Card and VISA honored 


GOLEM sisrens_ 
1526 Holly Ct., Thousand Oaks, CA 91360 
= fim PERFORMANCE+PRICE aa , , 
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WRITEORCALLFORSAMPLE =———™ 
Low Cost Tempilabel° Temperature Monitor. _ 
| Tempilabel® mrss" | 


3B ag 49C  54C 


8€ 00L-Vr ON 
So Plaintield N) USA 


TEMPILABEL® : BMA-140/60 
re Oe «aa rape 2 hel eee) ee eee bod aes | pt eee Ld 


cooogocooo 


How to putalowcost | 
temperature gauge 
on everything. | 


Label’s center spot turns black when surface to which 
itis affixed reaches specified temperature. Single-or | 
multi-spot labels with pre-determined increment of 
ratings: 100°F (33°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. L 
TEMPIL DIVISION, Big Three Industries, Inc. __ 
2901 Hamilton Blvd., South Plainfield, NJ 07080 | 
Phone: (201) 757-8300 Telex: 138662 j= 


_ gintu_Scope, $250: A graphics post processor 
_ works like a digital osciiloscope. Easy to use with 
all the waveform operations you will ever need. 


- @ SPICE_NET, $295: Schematic entry for any 
SPICE simulator. Automatically makes a SPICE net 
list and places Intu_Scope waveforms on your 
~ schematic. = 2 
 # 30Day  Intusoft P.O. Box 6607 
- Money Back San Pedro, CA 
- Guarantee —— (213) 833-0710 =. 90734-6607 


780, 000" AT- BUS SBC (ATZ80K) 
Zilog's new 7320™ 32-bit pipelined CPU/MMU/CACHE unit 
is the heart of this PC-/AT™ coprocessor, passive-back- 
plane master, or stand-alone SBC. Get 2 to 5 MIPS per- 
formance at1o MHzwith 1M or 4M 32-bit burst-mode no- 


wait-state RAM, 4 32-pin EPROM/EEPROM sockets for up to — 


512K 32-bit burst-mode no-wait-sate non-volatile storage, 


2 RS-232 ports, 24 I/O lines, 3 16-bit counter/timers, an 8-bit 


- DIP switch, and an SBX connector. Debugger, assembler, 
and C available. 
Call or write for more information. 


Single Board Solutions, Inc. 
20045 Stevens Creek Bivd., Cupertino, CA 95014 
(408) 253-0250 


Z80,000 & Z320 are trademarks of Zilog 
PC-AT is a trademark of IBM 
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MODULAR DATA ACQUISITION 
@ 72 line digital |/O card 

@ 24 bit buffered I/O card 

@ 12 bit A/D, D/A modules 

e 8 bit A/D, D/A modules 

@ Counter/Timer module 

@ Signal Acquisition card 

e@ |EEE-488 Controller card 

e@ Waveform Synthesizer card 


QUA TECH 


INCORPORATED 


Leaders in Peripheral Technology 


INDUSTRIAL 1/0 CARDS | 
Lab, Industrial, and Engineering V0 cards for IBM PCIXTIAT 


High Performance Data Acquisition Card (Model 718) 
- emulation of many traditional instruments like digital oscilloscope, X-Y recorder, 
strip chart recorder, datalogger, programmable controller, etc. Functions include: 
A/D converter (16 single-ended or 8 differential input channel, 12 bit resolution, 60.000 
samples/sec, various input range), D/A converter (2D/A channels), Digital 1/0 (16 
input & output channels. TTL compatible level), Counter/Timer (Intel 8254, 16 bit 
programmable counter).(Metrabyte S/W compatible, optional\100,000 samples/sec.) 
$895 


Other Lab Cards are available. — 


12 bit Multi-Lab (Model 712); A/D, D/A, DIO, Counter $295 
14 bit Super-Lab (Model 714); A/D, D/A, DIO, Counter $495 
Prototype Development Card (Model 750); 3290 holes, $70 
built-in basic circuit, independent memory. 1/0 jumper 

IEEE-488 Interface Card (GPIB) (Mode! 748) $395 


On board RAM working space, BASICA & BASIC supported. Powerful 

easy-to use software command set. C & Pascal optional. 

We also have Digital I/O & Counter Card, Relay Actuator & Isolated D/I Card, RS-422 

Card, Stepping Motor Controller Card, XT/AT Slot Extension kits, AMP/MUX Board, 

and more and more. 

Call us for details and turn-key application S/W package works with 

above data acquisition cards. (TEL) 408-727-6995 
(Technical) 

473 SAPENA CT. #24 } F 1-800-541-1975 

SANTA CLARA, CA 95054 NEL ] K (Orders only, outside CA) 

VISA OR M/C (FAX) 408-727-6996 * 
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DATA ACQUISITION 
DIGITAL 1/0, A/D, D/A, leee-a88, 


TOLL FREE: 1-800-553-1170 | 
478 E. Exchange St. Akron, Ohio 44304 
(216)434-3154 TLX: 5101042726 FAX: (216)434-1409 


Simply the Best Autorouter Available 


ADS-SUPERROUTER i isaRipup — Multiple track widths, 45° corners, 
and Reroute Autorouter that multiple grids, obstacle hugging, and 

works around the clock, and simultaneous routing, on up to twelve 
completes up to 100% of the connec- layers are only a few of the powerful 
tions on your board. Upon completion, _—_ features contained in the PADS- 


the results are optimized for high SUPERROUTER. — 
quantity manufacturing. (All this is ee ing’ 
done unattended, while you are 400 % auto’? ut 
performing other tasks!) 

Call for a No-cost Evaluation Package ‘Séitware lac 
508/486-8929 (Inside MA) 119 Russell Street 
1-800-255-7814 (Outside MA) : Littleton, MA 01460 
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smARTWORK® PCB Software. In a fraction of the time hand 
taping requires, you can create double-sided printed-circuit 
boards with smARTWORK and your IBM PC. The program’s 
features include continual design-rule checking, automatic 
pad shaving, a silkscreen, and text for all three layers. 
smARTWORK with atitorouting is $895 (without, $495) and 
comes with a 30-day money-back guarantee. Credit cards ac- 
cepted. Write or call 
Wintek Corporation 
1801 South Street, Lafayette, IN 47904 
(800) 742-6809 or (317) 742-8428 
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SUPERROUTER™ 


Save development time utilizing this sophisticated software. 


— Control, Instrumentation, Communications, plus many more. 


__ @ Preemptive, priority-based scheduling ¢ Interrupt management 


Real-Time Multitasking _ 
Kernel for your PC/XT/AT | 


Numerous applications including Data Aquisition, Process — 


$795 binary license — 
$50 demo / manual 
No Royalties 


pressure monitor display screen 


FEATURES: —« Supports MASCOT design methodology 


e Synchronization and mutual exclusion * Shared data areas 
@ Intertask communications ¢ Extensive debugging facilities 
e Various language interfaces ¢ Runs a standard Bos program — 
A highly qualified team of consultants can provide further services 
to assist you in applying PCMASCOT to your application. 


Andyne Computing Limited 
544 Princess Street, Suite 202 
Kingston, Ont., CDN K7L 1C7 
. (613) 548-4355 1-(800) 267-0665 


ry @ -_ 


COMPUTING LIMITED 
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4 Line x 24 Character 


INTELLIGENT 


Display System 


Instant information on problems, mach- 
ine or process status as ithappens. . . or 
is about to happen. In plain English. 


NEMA 4X SS bezel. 
| tt price ock. wit 00 


(Also available, NEMA 12 bezel at veces 00) 


CHERRY ELECTRICAL PRODUCTS 
3600 Sunset Avenue* Waukegan, IL 60087 ¢312-360-3500¢FAX: 312-360-3566 
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Serial data analysis on your PC. 
Source and monitor modes; data- 
scope and breakout box; ASCII 

_ and EBCDIC; trigger processing, 
live data display, adjustable buf- — 
fer size. Custom cabling included. 


800 562-8378 


Advanced Computer Consulting, Inc. 
700 Harris Street, Suite 101 
Charlottesville, Virginia 22901 
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SCsi 


Analyzer 
Emulator 


-POWERFUL 
-EASY TO USE 
-~ AFFORDABLE 
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UNIVERSAL LOGIC PROGRAMMER 


@ PROGRAMS, 
READS, DUPLI- 
CATES, TESTS 
AND SECURES 
HUNDREDS OF 
20- AND 24-PIN 
DEVICES 

@ 23 UNIVERSAL 
PIN DRIVERS 
WITH INDE- 
PENDENT DAC, 
ADC & SLEW 
FUNCTIONS 
PROGRAM AL- 
MOST ANY 
LOGIC DEVICE 

@ MENU DRIVEN 
OPERATION IS 
EASY TO 
LEARN AND 
QUICK TO OPERATE 


@ CONNECTS TO ANY IBM COMPATIBLE VIA PARALLEL PRINTER PORT 
@ EDITS FUSE DATA & TEST VECTORS WITH FULL SCREEN EDITOR 

@ TESTS WITH VECTORS & SECURES AFTER PROGRAMMING 

@ SUPPORTS ALL POPULAR PLD DEVELOPEMENT SOFTWARE 

@ ONE YEAR WARRANTY 

@ SAME DAY SHIPMENT 

@ JEDEC FILE INPUT & OUTPUT @ GOLD TEXTOOL ZIF IC SOCKET 
@30 DAY MONEY BACK GUARANTEE @ UPDATABLE VIA FLOPPY 
@EPROM PROGRAMMERS ALSO @ TOLL-FREE TECH SUPPORT 


@ ONLINE HELP FUNCTION 
@ SELF CALIBRATING 


@ JUST $798 


CALL FOR FREE DEMO DISK OR INFO 800/225-2102 


Pel be Lic 
BP MICROSYSTEMS 


10681 HADDINGTON #190 HOUSTON, TX 77043 
713/461-9430 TLX: 1561477 FAX: 713/461-7413 
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STD Bus Card Cages 


Full line with .75” card spacing, extruded aluminum frames, 
aluminum endplates and non-conductive card guides. Open 
frame design excellent for convection cooling. Variety of 
mounting styles with 5, 8, 16 and 21 slots in stock. 

Semi-custom cages with 2 through 20 slots available at stock 
prices and delivery. Price from $120 (5-slot) to $360 (21-slot). 


Delivery, stock to 2-week ARO. 


XYZ Electronics, Inc. 
Rural Route #12, Box 322 
Indianapolis, IN 47236 
317-335-2128 or 800-852-6822 
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LOGIC PROGRAMMER | 


SAILOR PROGRAMMERS: 
#1 IN SOFTWARE, #1 IN SPEED 


Software driven by IBM PC/XT/AT/PS2. Rugged, 
industrial quality. 1-2-3 style user interface. Interac- 
tive plus automatic batch operation. Beloved by our 
customers. 
Sailor-2,-8: 2/8-socket set/gang high speed 
EPROM programmers, to Mbit devices. High speed 
parallel interface to PC means no waiting for down- 
load. Virtual memory feature means no RAM 
modules ever required. $575-$975. 
Sailor-PAL: Supports PLDs, EPROMs, PROMs: Bipolar, 
CMOS, EPLD, GAL, PEEL, ECL and Signetics PLS. 
$1095-$1895. 


ADVIN SYSTEMS, INC. 
1050 East Duane, Sunnyvale, CA 94086 
408-984-8600 
TLX 5106005624 FAX: 408-245-2135 
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lIEEE-488 (GP-IB, HP-IB) FOR 
THE IBM PERSONAL SYSTEM/2™ 


© Control instruments, plotters, and printers. 
@ Supports BASIC, C, FORTRAN and Pascal. 
@ High speed DMA and shared interrupts. 

© Software library. Risk free guarantee. 
Capital Equipment Corp. 


Burlington, MA. 01803 


Call today (617) 273-1818 
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UNIVERSAL  E(E)PROM 


PROGRAMMER $495 (Kits from $165) 


@ No personality modules; Menu driven device selection. 


@ Built-in Eraser/Timer option ($50); Conductive foam pad. 


e@ Direct technical support; Full 1 year warranty. 

e@ Stand alone duplication & verify (27XX parts). 

@ Quick pulse algorithm (27256 under 60 sec). 

@ 27xx to 1 Mbit; 25xx; 68xx; CMOS; EEPROMS. 

e 8741,-2,-4,-8,-8H,-9,-9H,-51,-C51,-52,-55, 9761 & more. 


e IBM-PC, Apple, CPM or Unix driver; Autobaud RS232. 


@ Offset/split Hex, Binary, Intel & Motorola 8,16,32 bit. 
e@ Manual with complete schematics. 
VISA MC AMEX 


B&C MICROSYSTEMS 


CIRCLE NO 765 


Call today for datasheets !' 


355 WEST OLIVE AVE. SUNNYVALE, CA 94086 
PH: (408) 730-5511 FAX: (408) 730-5521 TELEX: 984185 


ae 1 NEW 


‘‘ The Best 8051 Emulator’ Pull Down 
Menus with 
Context 
Sensitive 
Help 


8051 


PC based emulators for the 8051 family 
(8051, 8751, 8052, 8752, 8031, 8032, 8344, 80C452, 80C152, 80535, 80C451) 
¢ PC plug in boards © Powerful Macros with IF-ELSE, REPEAT- 
¢ Command driven User Interface WHILE structures 
with static windows ¢ Single step in PL/M-51 and C-51 
© 16 MHz real time emulation ¢ Symbolic debugging with in-line assembler 
¢ 128K emulation memory . and disassembler 
© 48 bit wide, 16K deep trace buffer © No external boxes 
with loop counter ¢ Pull down menus w/context sensitive help 
¢ Program performance analyzer ¢ Trace can be viewed during emulation! 


PRICES: 32K Emulator for 8031 $1790, 4K Trace $1495 
CALL OR WRITE FOR FREE DEMO DISK! 
Ask about our demo VIDEO! 


noHau 


CORPORATION 
51 E. Campbell Ave. #107E, Campbell, CA 95008 (408) 866-1820 
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KADAK's 

engineers bring years 

of practical real-time experience 

to over 600 installations world-wide. 


This real time 


MULTITASKING KERNEL 
simplifies real life 
product development 


® No royalties @ Intertask messages 

@ IBM PC DOS® support @ Dynamic operations 

@ C, PL/M, Pascal - task create/delete 

@ Preemptive scheduler - task priorities 

@ Time slicing if needed - memory allocation 

@ Essential source code @ Event Manager 
included @ Semaphore Manager 


AMX86™ v2.0 for 8086/88, 80186/88, 80286 systems 
Demo package  $25US._ AE K ADAK Products Ltd. 


Manual only $75 US 


AMX86 system 95 US 206 - 1847 W. Broadway 
nt sean add ‘eaoe te Vancouver, B.C. Canada V6) 1Y5 


Telex: 04-55670 
Fax: (604) 734-8114 
Also available for 8080, Z80, 68000 Telephone: (604) 734-2796 


(Shipping/handling extra) 
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CMOS STD BUS 
SINGLE BOARD COMPUTER 


The LPM-SBC40 is a CMOS STD-BUS Single Board 


Computer that is designed for Industrial applications. 
The LPM-SBC40 uses the NEC V40 microprocessor, 
up to 256K bytes of EPROM, 384K bytes of battery 
backed-up SRAM, real time clock, two RS-232 serial 
channels with RS-422/485, watchdog timer and 
power fail logic, 5,8 and 10 MHz. 


WinSystems 
Box 121361, Arlington, TX 76012 
817/274-7553 
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NEW FROMATC: . Ag* s 
TUNING STICKS 


Select the capacity value your circuit needs with ease. Now 
during bench test or design. value selection can be achieved 
without soldering capacitors in. 

A Tuning Stick consists of an ATC 100 Series Superchip * 
permanently attached to a non-conductive holder. The Stick 
material is selected so that its effect on the capacitance value 
and Q is minimal. 

Tuning Stick Kits contain 20 values ranging from 0.1pF to 
1000pF Kits are available off the shelf. Request ATC TS1001. 
48 Hour QUIK-PICK™ Shipment. 


american technical ceramics corp. 
one norden lane, huntington station, n.y. 11746-2102 
516-271-9600 * telexes 221201 * 825707 « fax 516-271-9615 
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NEW 20W, TRIPLE OUTPUT 
DC/DC CONVERTERS, 2100 SERIES 

e Breakthrough In Size/ e $139 (1-9), Del. 3-4 Wks. ARO 
Performance e —25°C to +71°C Ambient 

¢ 13.3W/In3 Power Density e —55°C to +85°C Optional 

¢2”x2"x.375" Shielded Case © No Heat Sink Required 

e Three Input Ranges From e Short Circuit Current Limit 
9-72VDC e Remote ON/OFF Control 

e Regulated Triple Output © 100% Burn-in 

e Efficiency Up To 83% 


CONVERSION DEVICES, INC. 
101 Tosca Dr., Stoughton, MA 02072 
Tel: (617) 341-3266, TLX: 920014 
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87C51 PROGRAMMER $125 

The UPA87C51 converts general purpose program- 
mers to 8751/87C51 programmers. Select 2732A on 
your programmer, plug in the UPA, and you have an 
8751/87C51 programmer. With the UPA87C51 you 
can also program the 8751 and 87C51 security bits 
and the 87C51 encryption array. It’s very simple and 
VERY cost effective. 

Price $125.00 including UPS ground shipping. 
Adapters are also available for the 63701V0O, 
63705V0 and 8751 and are priced at $65.-$95. 


Logical Systems Corp. 


PO Box 6184 Syracuse NY 13217-6184 USA 
(315) 478-0722 Telex 6725617 LOGS 
FAX (315) 475-8460 
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SOLENOID 


Engineering Manual 


6 


Send for the latest 68-page Solenoid Engineering Manual 
from Deltrol + Packed with useful information including 
performance data, stroke/force curves, selection factors 
¢ Industry’s broadest range of miniatures, C frames, 
D frames, power surge, and tubular solenoids. 


DELTROL 2745 S. 19th St. 
eontrols IQ Milwaukee, WI 53215 


Phone 414/671-6800 
DIVISION OF DELTROL CORP. 


Telex 2-6871 
CIRCLE NO 768 


4305-1 


NETOPT/ NETSIM ANALOG CIRCUIT ANALYSIS 
AND OPTIMIZATION SOFTWARE 
NETSIM analyzes circuits in both time and frequency do- 
mains, performs Monte Carlo, tolerance/worst case analysis 
and extracts poles/zeros and transfer functions. e Produce 
yield estimates and sensitivity analysis of your analog designs 
e NETOPT includes all features of NETSIM and adds sophis- 
ticated optimization capabilities e Compensate for circuit/ 
device parasitics, generate non-standard responses and 
center designs for maximum yields. ¢ NETSIM is available for 
IBM PC®($850) and VMS®/UNIX®($1700.00)/NETOPT is 
$1995.00 for the PC and $3995.00 for the VMS/UNIX version. 


RLM Research 
P.O. Box 3630, Boulder, CO 80307-3630 
(303) 499-7566 
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WINPOINT 
A FULL RANGE OF 


KET 


IC SOCKETS-8, 14, 16, 18, 20, 22, 
24, 28, 40, 42, 48 contact 

LCC SOCKET-68 contact 

PLCC SOCKET-28, 32, 44, 52, 68, 
84 contact series 


Wop 


Winpoint Electronic Corp. 

P.O.Box 89-80, Taipei, Taiwan, R.O.C. Office : No. 47, 
Chi-Wei St., San Chung City, Taipei, Taiwan, R.0.C. 
Tel: (02) 986-0208, 984-0209 

Telex: 34227 WINPOINT Fax: 886-2-9838555 
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PC488A 


LOW COST PC/XT/AT INTERFACE 
FOR IEEE-488 (GPIB/HPIB) 


e@ Includes INSTALLABLE DOS DEVICE DRIVERS 
and ~~ support for Lag ane 

@ Optional language support for C, PASCAL, TRAN 
and ASSEMBLY - $50 

@ Selectable base I/O address, IRO and DMA 

@ CONTROLLER / TALKER / LISTENER capability 

e Customer support via dedicated 24 hours B&C Microsy- 
stems BULLETIN BOARD 

@ Quantity discounts available 


VISA MC AMEX Call today for datasheet!! 
B&C MICROSYSTEMS 


355 West Olive Ave, Sunnyvale, CA 94086 
PH: (408)730-5511 FAX: (408)730-5521 TELEX: 984185 
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“D" SIZE PLOTTER 


$2299” 


¥1695™ 
INTRODUCTORY 


© Model PC 3600 

¢ Repeatability .001” 

e Speed at 7” Per Second 

e Vacuum Paper Hold Down 


e High Resolution Circles: Suitable for 
PCB Artwork 


(415) 490-8380 ZERICON 


STEVENSON BUSINESS PARK 
BOX 1669 ¢© FREMONT, CA 94538 
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Seeeeeeseense 


a eccege 


TOMORROW’S PCB CAD TECHNOLOGY... TODAY! 


AutoPCB is a professional quality, PC/AT-based PCB design 
system integrated with AutoCAD. It features schematic cap- 
ture, interactive part placement and route editing, and a 
powerful autorouter that uses artificial intelligence techniques 
to identify optimal routing patterns, as shown above, as part 
of the routing process. All layers of multilayer boards are 
routed simultaneously. Post processors for photoplotters and 
drill tapes are available. A large, 4500 component part library 
lets you start designing boards immediately. Complete PCB 
design systems are priced from $1995 to $4295. 


PRO. LIB, INC., 624 E. Evelyn Ave., Sunnyvale, CA 94086 
Tel. (408) 732-1832 FAX 408-732-4932 
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_LEADER............ 
A Better Tomorrow For 

Transformer 

Through Automation 


CONTACT US RIGHT NOW! 


NWS 


LEADER ELECTRONICS INC. 
No.2, Lane 87, Pao Hsin Rd., 
Hsin Tien, Taipei, Taiwan, R.O.C. 
Cable: :LEADEREL TAIPEI 
Telex: 31372 LEIGROUP 
Fax: 886-2-917-6809 
Tel: 886-2- 911-1910 (Rep) 
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SCHEMA II 
Schematic Capture 


FREE Demo Disk: 1-800-553-9119 
SCHEMA’s success is the talk of the CAE industry 
and thousands of satisfied SCHEMA owners know 

why. Incredible speed, ease of use, and power have 
made SCHEMA a best-selling schematic capture pro- 
gram for engineering professionals the world over. 
gm. Now, SCHEMA II is available. 
fmm SCHEMA II sells for $495 and sup- 


guy 020 mmm «= POrts Most common IBM PC/XT/ 
=—_ j.saaam AT configurations. Please call today 


———————_ fora free SCHEMA II demo disk. 
a a 2 : 
— OMATION 
In Texas Call (214) 231-5167 
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6800/6809 


} Wintek Corp: 
“£4804 South: Street: 
mf tofayetie; IN-47904: 
ac S -S47-7A2-B428- : Sh See 
SEE BOO+742-6809 cocoon 
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IBM COMPATIBLE RS232/488 
3% x5 V4" FLOPPY DATA STORAGE 
& TRANSFER SYSTEM 


Our Multitasking Industrial Basic runs as fast as BASICA on 


Information Transfer to/from Non IBM Compatible Systems to/from the IBM PC/ATI. It can also handle interrupts, frequency 
IBM & Compatibles. (Over RS-232 or 488 Interface). inputs, bit manipulation, datalogging and more. The hard- 
¢ Reads & Writes MS DOS Disks ware includes 4 channels of Analog with 12-bit resolution, 
¢ RS-232/488 |/O 32 digital I/O lines, battery-backed calendar clock, keypad and 
e Rugged Portable Package/battery option display ports. 2 RS-232C serial ports, 96K RAM, EPROM and 
¢ ASCII or Full Binary Operation EEPROM programmers, autorun mode, low power CMOS 
¢ Baud Rate 110 to 38.4K Baud Circuitry, 8 MHz Z80 CPU. Only 4.5”x8”. Stand-alone or 
¢ 360K/720K RAM Cartridge Option expandable. Low cost optional software turns your IBM PC 
Price $895 in Singles—OEM Qtys. $495. into a program development workstation. FREE CATALOG 
28 other systems with storage from 100K to 42 megabytes. describes other models and accessories. Call 303-426-8540 
for same day response. 


ANALOG & DIGITAL PERIPHERALS, INC. 
| (xORN| Ep Ago ht cok cae! A OCTAGON SYSTEMS _ 6510 W. 91st Ave. 
513/339-2241 FAX 513/339-0070 CORPORATION Westminster, CO 80030 
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ANALOG CIRCUIT SIMULATION 


ECA-2 is a complete Electronic Circuit Analysis package with built-in graphics 


MIL QUALITY / 


and the fastest simulations. 
e AC, DC, Transient ¢ 2-100 times faster than SPICE 
¢ Fourier, Temperature ¢ Over 500 nodes LOW PRICE CONNECTORS 


¢ Worst-case, Monte-Carlo Sine, Pulse, PWL, SFFM 
e Full, nonlinear simulator and Exponential generators 
e Interactive or batch ¢ Money back guarantee 
© SPICE compatible models 
ECA-2 IBM PC or Macintosh $675 
EC-Ace, a subset of ECA-2, $145 


Call 313-663-8810 For FREE DEMO disk 


Our JCM connectors deliver the same MIL- 
SPEC quality as SMA-types, without charging 
you for expensive materials and military pa- 
perwork. The JCM line offers commercial ver- 
sions of SMA/SMB/SMC FF plugs, jacks, 
adapters, test jacks, cable sets and PC-mount 
cable terminations in popular sizes and types. 
Get MIL-C-39012 performance without the 
MIL price. 

Call 800/247-8343 for a free JCM catalog. 
(In MN: 507/835-6222) 


EF JOHNSON COMPONENTS 
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AFFORDABLE 
FREE. | AIGINEERING 


ee PC/MSDOS — Macintosh — CP/M 


Tatum Labs, Inc 


1478 Mark Twain Court, Ann Arbor, Mi 48103 
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OY) Sets The Pace! 


Tango’s ease-of-use, rich functionality 
and crisp output have brought /ens of thousands of boards 
to life, quickly and 
affordably. 


LCFIL — $95.00 


LC Fitter Design/Anatysis/Synthesis 


LsP — $95.00 


Logic Circuit Design/Simulation 


RIGHTWRITER — *95.00 


Report Proofreader Program. 
Applies 3000 Rules of English 


PDP — $95.00 


Scientific Plotting Program 
for Pen Plotters 


TEKCALC — $95.00 


Programmable Scientific 


ACNAP — $425.00 


AC Network Analysis, Component 
Libraries, Macros, AUTO Execute 


DCNAP — $95.00 
DC Network Analysis, Component 
Libraries, Macros, AUTO Execute 


SPP — $425.00 


Signal Processing Program 
Macros, AUTO Execute, Windowing 


PLOTPRO — $72.95 


Scientific Graph Printing 


PCPLOT3 — $95.00 


Start-to-finish design tools include: High inna Engineering Calculator/Statistics/Cure-fitting 
SSS Graphics Package $ 

; COMCALC — 72.95 
Tango-Schematic With Library Manager, $495 LOCIPRO — $95.00 Communications Budget Calculator 
Tango-PCB 1 mil Grid, 9 Layers, Gerber Output, $495 Maipe Medico eee ee $95.00 
Tango-Route Autoroutes 90+%, Fast!, $495 ACTFIL — $95.00 Transfer Function Analysis : 
Tan go-Tools 8M oney-Saving Utilities $295 Active Filter Design, Analysis, Synthesis and Circuit Synthesis 


SPANNER — $95.00 
Integrated Word Processor, HP411C 
Calculator, and Scientific Graphics 


MICRO-3— ‘*425.00 


Design & Analyze Microstrip Circuits, 
Filters, Hybirds, Couplers, Transformers 


By Engineering € 
Professional Software (74 4) 7810252 
2023 Chicago Ave, Suite B-13, Riverside, CA 92507 US.A., TELEX-3089864 
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Let's discuss your design needs Toll-Free, or order a full 
function Evaluation Pkg, just $10. VISA/MC. 


800 433-7801 °::: 
= Satisfaction guaranteed. 


ACCEL Technologies, 7358 Trade St., San Diego, CA 92121 
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EDN’s 
CHARTER 


EDN is written for profession- 
als in the electronics industry 
who design, or manage the de- 
sign of, products ranging from 
circuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, prod- 
ucts, and design techniques. 


EDN covers new and develop- 
ing technologies to inform its 
readers of practical design 
matters that will be of concern 
to them at once or in the near 
future. 


EDN covers new products 

@ that are immediately or 
imminently available for 
purchase 

@ that have technical data 
specified in enough detail 
to permit practical appli- 
cation 

@ for which accurate price 
information is available. 


EDN provides specific “how 
to’ design information that our 
readers can use immediately. 
From time to time, EDN’s tech- 
nical editors undertake special 
‘“hands-on”’ projects that dem- 
onstrate our commitment to 
readers’ needs for useful infor- 
mation. 


EDN is written by engineers for 
engineers. 


N 
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The Sine of a Good Generator 


y * Precision « 


@ typicaily 0,0006% (—105dB) distortion in the audio range @ heterodyne synthesis gives 

@ +0,1192mHz frequency accuracy throughout the 0,2 Hz (<0,1 ms) of frequency 
to 200kHz range @ memory sweep feat 

@ precision attenuator with +0,026dB (+0,3%) accuracy 
across the entire 100uV to 5V range 

@ very fast response time for all functions via IEEE-488 interface 


its, Inc. 185 Forest Street - Marlborough, MA 01752 USA - Telephone 617/481-7000 
JARTERS: DK-28 OQ Ngerum - Denmark - Telephone: + 452800500 - Telex: 37316 bruka dk 


2) 7139303 - USA 


EDN September 15, 1988 CIRCLE NO 207 315 


Your One-Stop Source for... 


TCXOs 


TEMPERATURE 
COMPENSATED 


CRYSTAL 


OSCILIATORS 


ae 


50 Hz to 100 MHz 
50 Hz to 50 MHz 
20 MHz to 280 MHz 


0/+50°C 
— 207 + 70°C 
— 55/ + 85°C 


TTL, CMOS 
Frequency} 400 Hz to 60 MHz 
Stability] Same as logic TCXOs 


1%"%1%"x0.3” with electrical 
tuning. 1%2"x2"x0.4” with 
mechanical tuning 


©. 


1 SINE OUTPUT (Low Noise) | 


Frequency| 1 MHz to 630 MHz 


Noise Floor | Std: — 145 dBc/Hz 
(50 MHz)f | Opt: — 160 dBc/Hz 


Stability] Same as logic TCXOs 


Call The 


Application 
Engineering 
Hot Line Today! 


_ The Crystal Oscillator Company 


_VECTRON LABORATORIES, INC. 
166 Glover Avenue. Norwalk, CT 06850 


203/853-4433. TWX: 710/468-3796 
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Video-based courses for 
database system, software 


The two training courses, Using In- 
formix-SQL and Using Oracle 
SQL* Plus, are available on 2-hour- 
long videotapes. The Informix-SQL 
course explains the functions and 
features of an Informix-SQL rela- 
tional database system. It’s suitable 
for three levels of users: managers, 
who need an overview of the sys- 
tem’s capabilities; experienced us- 
ers, who can reinforce their know]- 
edge of the SQL system; and begin- 
ning users, who can learn to read 
and interpret a variety of RDSQL 
programs. The Oracle SQL*Plus 
course outlines the basics of the Or- 
acle SQL*Plus software package 
and continues with detailed instruc- 
tions on how to create a data table 
and insert rows of data into the ta- 
ble. Finally, you learn how to dis- 
play the data rows in a formatted 
report on a screen or a printer. 
Packages for each course include a 
2-hour-long videotape, a student 
guide, and hands-on exercises. In- 
formix-SQL course, VHS (video 
helical scan), $595; 3/4-in. tape, 
$695. Oracle SQL*Plus course, 
VHS $495; 3/4-in. tape, $595. 
Computer Technology Group, 
310 S Michigan Ave, Chicago, IL 
60604. 
INQUIRE DIRECT 


Search for discrete 
semiconductors on disk 


The Discrete Semiconductor Ver- 
sion of Specs in Secs is the vendor’s 
second catalog on disk, providing 
information on an entire line of dis- 


crete semiconductors. The selection 
encompasses bipolar power transis- 
tors, power MOSFETs, small-sig- 
nal devices, RF devices, optoelec- 
tronic devices, rectifiers, zeners, 
thyristors, and sensors. The direc- 
tory lists more than 6500 devices, 
20,000 cross-references, 44 stan- 
dard-package types, and 87,000 pa- 
rameters. According to the vendor, 
when you make a search using 
either the part number or the pa- 
rameter, the model numbers of the 
most suitable devices for your 
needs appear in order of suitability. 
You can then consult the appropri- 
ate data book or device data sheet 
to confirm your choice as the best 
selection. $2. 

Motorola Semiconductor Prod- 
ucts, Literature Distribution Cen- 
ter, Box 20912, Phoenix, AZ 85036. 

INQUIRE DIRECT 


Booklet covers 
network analyzer 


This 22-pg brochure describes the 
360 vector network analyzer cover- 
ing the 40-MHz to 40-GHz range. 
Application information includes 
measurement of complex imped- 
ance and transmission characteris- 
tics, amplitude and phase matching, 
group delay, semiconductor charac- 
teristics, insertion loss/gain and 
phase, and time domain. It illus- 
trates the simultaneous display of 
four S parameters on a color screen. 
Further, it describes a 4-channel 
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frequency converter that makes fre- 
quency-translation measurements. 
Specifications and ordering infor- 
mation complete the publication. 
Wiltron, 490 Jarvis Dr, Morgan 
Hill, CA 95037. 
Circle No 442 


Handbook for SMT 
Land Patterns 


The SMT Land Pattern Handbook 
consists of more than 80 completely 
dimensioned land patterns for SMT 
components. Each of its 12 sections 
begins with a list of instructions and 
suggestions. The categories of foot- 
prints used by the vendor are la- 
beled SO (small-outline package) 
narrow body, SO medium body, SO 
wide body, SO metric, PLCC (plas- 
tic leaded chip carrier), LCC, quad 
flat packs, chip R/C (resistors and 
capacitors), tantalums, MELF 
(metal electrode face bonded), in- 
ductors, and SOT (small outline 
transistors). $99.95. 
SMT Plus Inc, Box 612314, San 
Jose, CA 95161. 
INQUIRE DIRECT 


Applications added to 
AutoCAD catalog 


The new edition of the guide to 
third-party application develop- 
ment, the AutoCAD Applications 
Catalog, contains hundreds of en- 
tries. It covers application catego- 
ries such as architectural engineer- 
ing and construction, civil and 
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ADVANCED 
NEW PG.A. 


5 OZ. 


_ Average 
~ Insertion 
Force 


a tak 
® A 
ite. 3 
Oa ah t 


ae 


You Can 
Actually 


Feel The 
Difference 


e New staggered contact depth 
allows for lower insertion force... 
only 1.75 oz. average insertion 
force per socket. 


e New 6-finger beryllium copper contacts 
offer 6 points of reliable contact. 


e Over 150 P.G.A. Footprints. 12 to 324 
pins...custom designs available in 2 to 
3 weeks. 


e Standard low profile 
soldertail terminals 
available. 
e Insulators in molded 
polyester, FR-4 glass 
epoxy or Peel-A-Way™ 
in Mylar® or Kapton®. 
Call or write for more information. 


Peel-A-Way™ covered by patent rights issued and/or pending. Mylar® and 
Kapton® are trade names of the Dupont Co. 


ADVANCED 
INTERCONNECTIONS 


5 Energy Way, West Warwick, Rhode Island 02893 
Tel. 401-823-5200 e FAX 401-823-8723 e TWX 910 2403454 
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ELCON’s SOLUTION TO: 


THE PROBLEM 
Selecting the proper gauge wire to carry re- =» THE ICCON/BUSTAP™ interconnects which 


quired current levels through a system is only provide mother board/daughter board 
half the job. Often, when you reach the connec- interface for single and multilayer power 
tor (particularly with conventional stamped and distribution. 
formed contacts), you may be bottlenecking = QUICK RELEASE rack and panel and battery 
more current than the connector can handle. disconnect systems with low insertion force 
The result...burn-out. and blind mate features. 

=» CUSTOM CONNECTORS designed to your 
OUR SOLUTION special voltage and current requirements 


and manufactured to our exacting QC 
standards. 


We provide our customers with greater current 
Capacity per contact than can be found in any 
other connector of the same size. Elcon’s pro- 
prietary Helix'™ and Crown™ contacts are the 
reason. Designed to provide high current carry- 
ing capability combined with low voltage drop, 
these contacts represent the heart of the Elcon 
connector lines which include: 


# THE DOMINO™ modular connector system 
that lets you design and build your own con- 
nector from off-the-shelf components. 


P.O. Box 1885 ¢ Fremont, CA 94538 
Phone: 415/490-4200 ¢ Fax: 415/490-3740 


LEADERS 
IN CURRENT 
THINKING 
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chemical engineering, computer- 
aided manufacturing, and desktop 
publishing. 
AutoDesk Inc, 2320 Marinship 
Way, Sausalito, CA 94965. 
Circle No 444 


Periodical features 
test instruments 


The latest issue (No 45) of bits, the 
vendor’s magazine, highlights the 
DA-20 data analyzer, the DIT-24 
and DIT-21 interface testers, atten- 
uation measurements with the 
OLP-2 optical-power level meter, 
and interfaces for data-communica- 
tions systems. This 32-pg edition 
comprises seven sections: current 
events, exhibitions, new products, 
glossary, product highlights, appli- 
cations, and special reports. Photo- 
graphs, diagrams, graphs, figures, 
and tables complete the publication. 
Wandel & Goltermann GmbH & 
Co, Electronic Measurement Tech- 
nology, Postfach 1262, D-7412 

Eningen u A, West Germany. 
Circle No 445 


Booklet summarizes 

pe products 

The vendor’s compact 64-pg catalog 
(No 288) contains a listing of high- 
performance single-board comput- 
ers and IBM PC/AT-compatible sys- 
tems. Another section provides a 
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list of components for packaging a 
passive-backplane system. The ref- 
erence data section features such 
information as terminology, NEMA 
enclosure standards, an RS-282C 
pin guide, and RAM/ROM cross ref- 
erences. 
Diversified Technology, Box 748, 
Ridgeland, MS 39158. 
Circle No 446 


Versimux 
“iber Optic Multiplexe 
Port Cards 


Leaflet offers F-O 
multiplexer options 


This 6-pg, fold-out brochure de- 
scribes 15 port cards and their con- 
figurations. A chart provides de- 
tailed specifications, such as data 
rate or frequency response, inter- 
face type, number of channels, and 
signal type. The publication also in- 
cludes photographs and diagrams. 
Versitron Inc, 9005-8 Junction 
Dr, Annapolis Junction, MD 20701. 


Circle No 447 


Reprint describes use 
of floating annular ring 


This reprint of a paper published 
in IEEE Transactions on Compo- 
nents, Hybrids, and Manufactur- 
ing Technology discusses the “Ad- 
vantages of a Floating Annular 
Ring in Three-Layer Tab Assem- 
bly.” To help explain the advan- 
tages of using a floating support 
ring in tab assembly, it presents a 
figure with three drawings that 
show a comparison of three types 
of construction, one of which is the 


TL Industries VMEbus 
CPUs—100% 
MOTOROLA MVME 
COMPATIBLE 
ENHANCED PLUG-IN 
REPLACEMENTS 


e TVME 1611 (MVME 117-3 Compatible) 


Up to 4 MB DRAM 


e TVME 1612 (MVME 110-1 Compatible) 


System Control at 8 or 10 MHz 


e TVME 1613 (MVME 110-1 Compatible) 


Up to 1 MB Shared DRAM 


TL Industries also offers contract 


manufacturing capabilities, includ- 
ing surface mount technology, 
custom design, and software 
services. Please call or write for 
more information. 


industriés Inc. 


TL Industries, Inc. 

2541 Tracy Rd. 

Toledo, OH 43619 

Call Meg Niehaus 
1-800-227-8144 (outside Ohio) 
or 419-666-8144 

FAX 419-666-6534 
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IEEE 
MEMBERS 


lf you vote for a person who 
has served on IEEE’s Board of 
Directors, then you are voting 
to continue your own profes- 
sional and economic decline. 
Vote for a working engineer, 
who understands and will work 
(and has worked for 15 years) 
to overcome OUR problems. 
Use the “bullet” vote and vote 
ONLY for 


Irwin Feerst 


CIRCLE NO 99 


TANTALUM CHIP CAPACITORS 
FOR SURFACE-MOUNT DEVICES 


We build our temperature probes to fit your ap- 
plication precisely from: 


41 standard packages 
17 standard lead styles 
12 standard lead materials 
9 standard thread sizes 
11 standard connectors 
6 standard assembly materials 
98 standard thermistors with interchange- 
abilities from +0.2°C to +0.05°C 


And if none of our standard options meets 
your needs, we'll make a custom probe from your 
drawing. Send for our catalog. Or call YSI toll- 
free at 800 343-HELP (or 513 767-7241). 


YSI Incorporated 


Yellow Springs, Ohio 45387 USA 
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annular-ring construction. The pa- 
per concludes with a discussion of 
applications and three additional 
figures. 

Rogers Corp, Box 700, Chandler, 
AZ 85244. 


Circle No 448 


Catalog features devices 
for spectroscopy 


This 1988 catalog of photonic de- 
vices describes more than 45 spec- 
troscopic products, including 18 
new devices. Among the products 
the catalog presents are photodio- 
des and photodiode arrays, photo- 
multiplier tubes, detector tubes, 
and light-source lamps. 
Hamamatsu Corp, Box 6910, Br- 
idgewater, NJ 08807. 
Circle No 449 


Publications present 
electronic circuits 


An application note for A/D con- 
verters (AN-16) discusses bits effec- 
tive bits in the role of measuring 
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an ADC’s ability to acquire a wave- 
form and to represent it accurately. 
Equations, specifications, and a fig- 
ure illustrate the material in the 
note’s text. Another vendor’s 8-pg 
brochure features a comprehensive 
product selection guide to its elec- 
tronic products. The guide lists 
specifications for hybrid, mono- 
lithic, and module operational am- 


WHY WASTE 
ENCLOSURE 
SPACE? 


When placed next to your 
disk drives, Dage’s NEW 
13-Slot Backplane provides 
maximum use of space ina 
19-inch rack. 

For maximum power, 
standard input is via press- 
fit, threaded studs (spade 
lugs optional ). 


And, to meet your specific 
needs, Dage will customize 


DAGE PRECISION INDUSTRIES, Inc. 


plifiers; hybrid buffers; video dis- 
play drivers; deglitchers; logarith- 
mic, instrumentation, and track- 
and-hold amplifiers; ADCs; DACs; 
V/F, F/V, and sampling A/D con- 
verters; and modular power sup- 
plies. 
Teledyne Philbrick, 40 Allied 
Dr, Dedham, MA 02026. 
Circle No 450 


to meet your requirements. 


Dage offers both J1 & J2 
multilayer backplanes 

with the following 
exceptional characteristics: 


OImpedence -60Q (+2) 
CO Capacitance- 77 pF (+3) 
O Crosstalk -<200 mV 


46701 Fremont Blvd. 


Fremont, CA 94538 (415) 683-3930 
CIRCLE NO 102 
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General DataComm is one of the world’s 
leading suppliers for total data communica- 
tions. At GDC, you'll have the opportunity to 
work with the most sophisticated equipment 
available. 


We currently have positions available in the 
following areas: 


PRODUCT COMPLIANCE ENGINEER 


You will be responsible for ensuring 
that GDC products will meet interna- 
tional requirements. You will also 
develop test plans and procedures for 
homologation. Experience with FCC 
Part 68/DOC-CS-02, 03, UL and 
FCC/VDE EMC is required. 


NETWORK MANAGEMENT/SECTION 


MANAGER-PROJECT ENGINEER 


A BS in CS or EE, 6 years of related ex- 
perience in Network technologies and a 
strong background in UNIX and “‘C”’ 
are required. OSI/ISO knowledge would 
be helpful. 


CAT SOFTWARE ENGINEER 


To qualify, you will need a BS in EE or 
CS with 5+ years of experience in 
writing and upgrading VAX and PC pro- 
grams in support of the CAE/CAD/CAM 
Operations. Fortran and ‘“‘C”’ are also a 
must. BASIC or IBM Assembler would 
be a plus. 


PRODUCT ENGINEERS 


A BS in EE or CS with 4+ years of ex- 
perience in advanced testing of 
diagnostic telecommunications equip- 
ment including modems/data sets, 
multiplexers and network management 
systems will qualify you for these 
positions. 


FIRMWARE ENGINEERS 


The qualified candidates will have a BS 
in EE or CS with 44+ years of experience 
in firmware and hardware design 
(analog and digital) as well as test and 
documentation of modem circuits. 


At General DataComm, you’ll enjoy an ex- 
cellent salary and a comprehensive benefits 
package. 


For further information, please telephone 

Bill Mastrianna at (203) 758-1811, or write in 
confidence to: General DataComm, Inc 
Technology Center, Middlebury, Cr 06762- 1299. 


An Equal Opportunity Employer 


iS General DataComm, Inc. 


CAREER OPPORTUNITIES 


1988 Editorial Calendar and Planning Guide 


Issue 
Date 


Oct. 13 


Oe. 27 


Nov. 10 


Nov. 24 


Dec. 8 


Dec. 22 


Recruitment 
Deadline 


Sept. 22 


Oct. 6 


Oct. 20 


Nov. 3 


Nov. 16 


Dec. 1 


Editorial Emphasis 


Test & Measurement Special 
Issue, Instruments, 


Computers & Peripherals 


CAE, Computers & 
Peripherals, Integrated 
Circuits, Wescon ’88 
Show Preview 


Programmable Logic Devices, 
Integrated Circuits, Test & 
Measurements, Wescon ’88 
Show Issue 


Microprocessor Technology 


Directory Graphics, CAE 


Product Showcase—Vol. I, 
Power Sources, Software 


Product Showcase—Vol. II, 
Computers & Peripherals, 
Test & Measurement 


Call today for information: 


East Coast: Janet O. Penn 


(201) 228-8610 


West Coast: Mary Beth West 


(213) 826-5818 


National: Roberta Renard 
(201) 228-8602 


EIDIN 


First in Readership Among Design 


Engineers and Engineering 


Managers in Electronics 


EDN News 


Closing: Sept. 29 
Mailing: Oct. 20 


Closing: Oct. 27 
Mailing: Nov. 17 


Closing: Nov. 21 
Mailing: Dec. 15 
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HAVING THE BEST TECHNOLOGY 
ISONLY HALF THE BATTLE. 


The Trojan Horse was a very progressive 
technological idea for its day — but what 
was it without those ingenious and deter- 
mined soldiers inside? Nothing but an 
oversized wooden horse on wheels. 

At Litton Data Systems we understand 
that it’s the people behind technologies 
that make them work. And the people in- 
side a company that make things happen. 

Over twenty-five years of excellence in 
the design and manufacture of vital 
military C’ systems mark our commitment 
to an entrepreneurial atmosphere that en- 
courages our professionals to do what’s 
necessary to conquer today’s technologies. 

If you’re interested in joining a company 
with a classically simple strategy for suc- 
cess, consider one of the following 
positions: 


SOFTWARE/FIRMWARE 
ENGINEERS 


e Requires a Sr. Software Engineer with 
experience on large military command 
and control systems. A background in 
CMS2 language and experience with 
communication data links such as 
TADIL-A, TADIL-B, TADIL-J, LINK-1 
and ATDL-1 are highly desirable. Re- 


Litton 
Data systems 


Principals Only/Equal Opportunity Employer 
EDN September 15, 1988 


quires 5-10 years’ experience in Assembly 
language programming for military 
systems and a minimum of 5 years’ ex- 
perience in digital signal processing 
applications. 


¢ Will be responsible for programming 
state-of-the-art digital and voice com- 
munication systems. Requires experience 
in the programming of the ZILOG Z80, 
INTEL 8748 and TI TMS 32020 
microprocessors. 3-5 years’ experience in 
the development of communication 
firm-ware and a solid understanding of 
hardware design is necessary. 


Above positions require a BS in Com- 
puter Science or Engineering. 


e Will be responsible for contributing to 
the design and modeling of new 
algorithms. Requires an MS/PhD in 
Computer Science or Engineering and a 
minimum of 15 years’ experience apply- 
ing signal processing theory in the 
development of tracking systems. 


¢ Will implement firmware for high speed 
digital database and impeded computer 
peripherals. Requires a BS in Computer 
Science, EE or Math and 3-5 years’ ex- 
perience in Assembly language, pro- 
gramming techniques and use of the 
UNIX* Operating System. 


SYSTEMS INTEGRATION 
AND TEST ENGINEERS 


Requires experience in Marine Corps 
and USAF Communications, Com- 
mand, and Control Systems. Successful 
candidates will develop system level test 
procedures, perform verification of con- 
tract requirements at the system level and 
integrate software. You will document 
problems through appropriate trouble 
reports and subsequently verify solu- 
tions. You will also participate as a test 
team member during the conducting of 
informal and formal system level tests. 


These positions require excellent writing 
ability. Experience with PC based soft- 
ware preferred. A technical degree with 
experience in the test of Communica- 
tions, Command, and Control Systems 
is highly desirable. 


As a division of Litton Industries, we can 
offer you an excellent salary and com- 
prehensive benefits plan. Please send 
your resume with salary history to: Lit- 
ton Data Systems, Employment, Depart- 
ment 026, 8000 Woodley Avenue, Van 
Nuys, CA 91409-7601. 


*UNIX is a registered trademark of AT&T. 
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Let your 
CULIOSI 


vet the 
best of you. 


BPI TECH FAIR™ is for curious 
engineering, computer, DP/MIS 

and software professionals with two or more years 
of experience. We bring technical representatives 
from top local and national companies to your 

area. So you can learn more about other companies. 
And exciting career opportunities. 

BPI TECH FAIR is completely confidential. 
There’s no registration. And we’re not an 
employment agency. So there’s no fee. 

If you’re the least bit curious about where your 
many years of experience could take you, plan 


to attend the next BPI TECH FAIR in your area. 


SEARCH ME! On your PC or terminal 
A and modem. enter the 


For on-line technical 
career opportunities and 


password “* 
ia t 
: Search AdLine often, as 
to transmit your resume: 


companies are continually 


DIAL 612-890-5561 being added to the system. 


eS - a 
| ot 

Zi wil | 
BPI ¢ 2985 Multifoods Tower ¢ 33 South Sixth Street ¢ Minneapolis, MN 55402 ¢ (612) 370-0550 


® 


1988 Schedule: Santa Clara — Sept. 26-27, Minneapolis — October 3-4, Chicago — EEO — October 
10-11, Los Angeles — October 17-18, Dallas — October 24-25, Boston/Cambridge — November 14-15/ 
November 16, Washington, D.C. — November 21-22, Orlando — December 5-6. 
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SIEMENS 


International Presence 


If what you're looking for in a career includes an innovative environment—one with an international presence—look no 
further than Siemens. As the fifth largest electronics company in the world, we can provide the technology and re- 
sources to make a difference in the semiconductor industry. Join us through the following opportunities. 


PRODUCT PLANNING GROUP 


Our charter is to identify product opportunities for either chips that reflect the particular needs of the American market or 
chips whose definition is driven by the American market. We presently have opportunities for two senior level contribu- 
tors to define, specify, and simulate next generation integrated circuits for LAN. 


e@ Product Planning Engineers 


You will interface with prospective customers to specify and optimize IC functionality; perform architectural design and 
detailed functional simulation of ICs; interface with IC circuit designers; and actively participate in standardization activi- 
ties. To qualify, you must possess a BSEE or advanced degree, 5-10 years of experience in high speed data transmis- 
sion at the physical layer, and a thorough understanding of LAN architecture and its resulting functional implementations. 
some national and international travel will be involved. 


MICROPROCESSOR AND PERIPHERALS 
IC MARKETING GROUP 


We are presently seeking an experienced professional to become a member of the Microprocessor/Peripherals Market- 
ing Group. 


@ Applications Engineer 


You will provide technical support which will include making presentations to, as well as training, customers, manage- 
ment, and the Sales/FAE staff. You will also be responsible for promoting designs of proprietary products such as 
Advance DMA Co-processor, Graphic Co-processor Serial Communication ICs and a spectrum of Microprocessors and 
Integrated Peripherals for the PC marketplace. Additionally, you will interface with, and make visits to, our West 
Germany headquarters’ engineering/applications department. We require a BSEE or advanced degree and a minimum 
of 2 years of design or technical marketing/field applications experience. 


CAD CENTER 


Our semicustom and custom groups are currently designing high performance circuits in ECL and CMOS technologies. 
Accordingly our CAD center requires the following key personnel: 


@ Sr. CAD Software Engineers 


-Custom and Semicustom ICs- 

You will be responsible for developing, installing, and maintaining CAD software. This includes software on VAX main- 
frames plus Sun, Daisy, Apollo, Mentor, and Valid Logic workstations. To qualify, you must possess a BSEE/CS (MSEE/ 
CS preferred) and a minimum of five years of CAD software development experience. One year of experience in the use 
or maintenance of workstations is desirable. IC design experience would be advantageous as well. You should also be 
proficient in the “C” language. 


e@ CAD Software Engineer 
-ASICs- 


You will create and maintain the databases of CAD libraries, software and customer oriented material. This includes 
software and libraries on VAX, Sun, Daisy, Apollo, Mentor, and Valid Logic systems. We require a BSEE/CS (MSEE/CS 
preferred) and a minimum of 3 years of CAD software experience. 


At Siemens, you'll enjoy a progressive and exciting work environment, as well as a competitive salary and benefits 
package. Please send your letter/resume to Professional Staffing, Siemens Simiconductor Group, Dept. E, 2191 Laurel- 
wood Road, Santa Clara, CA 95054. We are an equal opportunity employer. Principals only, please. 


Siemens Components, Inc. 
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TOUCH COMMUNICATIONS 


TOUCH 


COMMUNICATIONS 


10 Victor Square 
Scotts Valley, CA 95066 
EOE F/M/H/V 


TOUCH COMMUNICATIONS is setting the pace in the communications industry 
by providing the most comprehensive Open Systems Interconnection (OSI) solutions 
available today. TOUCH OSI provides a rich set of networking services including 
distributed filing, printing and terminal service by taking advantage of the OSI 


worldwide Communications standards. 


SENIOR SOFTWARE 

DEVELOPMENT MANAGERS 
Use your professional management skills 
to lead some of the finest systems software 
engineers around. Your 5-8 yrs. of direct 
S/W development management experience 
will position you to define, design and 
implement the TOUCH OSI product lines. 
You'll find yourself playing a key role 
in the marketing/product strategy of 
the company. Use your recruiting and 
people skills to grow your organization 
as TOUCH expands its Engineering Team. 


UNIT INTERNALS 

Join a rapidly growing development team 
responsible for providing OS! networking 
solutions for the UNIX environment. 
Projected currently underway include 
a joint development with Motorola 
Computer Systems to port the TOUCH 
OSI family of networking products to 
Unix System V.3. The ported products 
will run on Motorola’s Unix-based System 
8000 family. 


You will play a key role in designing and 
developing distributed filing, terminal 
and print capabilities for a wide range 
of unix implementations, including 386 
and platforms. You need 
solid working experience with the UNIX 
OS and its variants, including System 
V, STREAMS, and knowledge of kernel-level 
development tools. Familiarity with 
RFS/NFS and the File System Switch 
considered a plus. 


MVS SOFTWARE ENGINEERS 
Design and develop the MVS COmponent 
of the TOUCH OSI solution. Your 3-5 
yrs. experience will help TOUCH biaze 
the trail of OS! in the world of MVS. 


VAX/VMS SYSTEMS ENGINEERS 
Your experience with VMS system internals 
and/or device drives will enhance the 
TOUCH OSI VMS server product. You 
will play a key role in defining and 
implementing product enhancements. 


MACINTOSH INTERNALS ENGINEERS 
Play an important part in defining the 
architecture, designing and developing 
networking software for the MacOS. 
Familiarity with MPW, Appleshare and 
Macintosh LAN products could be a clincher. 


DOS EXPERTS 
Your knowledge of DOS internals will 
enhance and add new functionality to 
the TOUCH OS! DOS product line. You 
should have significant experience with 
DOS internals, DOS device drivers and 
be familiar with 80xx assembly language. 
As part of the DOS Team you will play 
a key role in new product definition, as 
well as being a major technical contributor. 


SOFTWARE ENGINEER 

NETWORK MANAGEMENT 
This project lead position will play a key 
role in architecture design and 
implementation of this new and exciting 
OSI-based product. An understanding 
of the problems faced by the managers 
of large internetworks is critical. This 
position requires project lead exp. and 
5+ yrs. of S/W development. MSCS 
preferred. 


SOFTWARE ENGINEER 

TERMINAL SERVICE 
This exciting project calls for familiarity 
with terminals and terminal protocols. 
Your experience with networked terminal 
protocols, such as telnet, will be used 
to layer several. protocols on TOUCH 
TERMINAL. VTP protocol knowledge 
is a big plus. 


TOUCH COMMUNICATIONS will be moving to CAMPBELL in September. We 
offer competitive salaries, benefits and a stock option plan (we are privately 


held). 


To help you advance your career. Placement Services, Ltd. has formed the EDN 
Databank. What is the Databank? It is a computerized system of 
matching qualified candidates with positions that meet the applicant's professional 
needs and desires. What are the advantages of this new service? 

e It's absolutely free. There are no fees or charges. 


e The computer never forgets. When your t 
you're qualified. 


IDENTITY 


Name 
Home Address: 
City 


Degrees (List) 


Reason for Change: 


ele: =. 6 > ee: 
Home Phone (include area code): 


EDUCATION 


EDN Databank Professional Profile 


Announcing a new placement service for professional engineers! 


PRESENT OR MOST RECENT EMPLOYER 


ype of job comes up, it remembers 


e Service is nationwide. You'll be considered for openings across the U.S. by 
PSL and it’s affiliated offices. 


e Your identity is protected. Your resume is carefully screened to be sure it will 


not be sent to your company or parent organization. 
e Your background and career objective will periodically be reviewed with you 


by a PSL professional placement person. 


We hope you're happy in your current position. At the same time, chances are there 
is an ideal job you'd prefer if you knew about it. That's why it makes sense for you 


Division: 
Duties and Accomplishments: 
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1 WILL RELOCATE CL) WILL NOT RELOCATE 


[IDIN| Databank = piaceme 


to register with the EDN Databank. To do so, just mail the completed 
form below, along with a copy of your resume, to: Placement Services, Ltd., Inc. 


POSITION DESIRED 
PREVIOUS POSITION: 


COMPENSATION/PERSONAL INFORMATION 


My identity may be released to: ] Any employer 


O All but present emr 


() OTHER 


A DIVISION OF 
NT SERVICES LTD., INC. 


265 S. Main Street, Akron, OH 44308 216/762-0279 


EDN September 15, 1988 


Senior 
! Software 
Engineer 


Gandalf Data, Inc. is a leading high technology manufacturer of data communications 
products for the world market. We presently have an immediate position available for 
a qualified Software Engineer in our Chicago area design center. This engineer will 
be involved with all phases of the product development cycle from initial specification 
through product release. You must have the desire to take on project leadership respon- 
sibilities and be able to work independently in a small group environment. 


The ideal candidate will possess a BS in Electrical Engineering or Computer Science 
coupled with 3+ years software design experience designing IBM 3270 SNA/SDLC 
and/or IBM Token Ring data communication products. Experience with structured 
design methodologies, Intel 80x86 processors, C, and development of real-time 
systems is also desirable. 


We offer a competitive salary and complete benefits package including dental 
insurance and profit sharing. For immediate consideration, please forward your resume 
complete with salary history to: 


Human Resource Supervisor 


Gandalf 
| Data 
Inc. 
Productivity 1020 S. Noel Avenue 
through Wheeling, Illinois 60090 


Connectivity 


Equal Opportunity Employer M/F/WH 
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Lucas Ledex stocks over 500 solenoids and switches 
for prototype applications. We can ship today! 
Designing devices using solenoids 

or switches? The quickest way to 

build a breadboard or prototype is to 
order stock units. Since we offer a 
representative selection of every size 
and type, you will probably find 
something close to your requirements. 


Most types of solenoids and 
switches. Look at all these ready to go: 


Rotary: over 200 stock models, 
torques to 117 Ib./in. at 1/20 
duty. 


Magton® rotary: 4 sizes, torques 
to 3.28 /b./in. Life tested over 
100 million cycles. 


Series 20 tubular: push or pull, 3 
sizes, force to 5.5 Ib. (.25" stroke) 
at 1/10 duty. Also magnetic 
latching tubular solenoids. 


Low profile: push or pull, 7 
sizes, force to 30 Ib. (.30" stroke) 
at 1/10 duty. 


Soft Shift® solenoids: 5 sizes. 
Variable positioning stroke, force 
to 30 Ib. at 1/10 duty. 


- Stepping: 42 stock models, 
uni- and bi-directional, 12, 18, 
24, or 36 positions. 


Proportional: 8 models, 2 sizes, 
fo 50 Ib. force. 


Open frame: 55 standard 
models, pull force from 15.4 to 
8.8 Ib. (stroke to 1”). 


Switches on the shelf: 
Stepping —up to 24 position, 
9 poles. Packaged —up to 40 
pole, 2 throw. Pushbutton — 
individual or ganged, board or 
pane! mount, clear or color 
caps, lighted or unlighted, 

to 16 amps. 


24-hr solenoid switch prototypes 


Try the real thing. Lucas Ledex 
solenoids and switches are affordable 
even in prototype quantities. So it makes 
sense to get evaluation samples (typically 
less than $50 each) as design tools. 


j Typical breadboard 


Our catalog outlines design 
procedures, but to really understand 
mounting and cooling requirements, 
there’s nothing like hands-on 
experience. 


FAX your prints to us. For 
rapid application assistance, FAX us a 
print of your product and requirements. 
Often we can help you through the next 
step in a brief, informal telephone 
conversation. Cut delay and red tape. 


New Solenoid catalog. This full- 
line solenoid catalog will help you select 
the right product and design to control 
motion, actuate, or position your 
application. 


—rt—“‘CCNCNCOWCOCONNCNCONCCCNCiiészCzCizsC«sCsaésCsisitCds 
Want to know more? 


Request catalogs. 


Lucas Ledex Inc. 

PO. Box 427 

Vandalia, Ohio 45377-0427 U.S.A. 
Phone: 513-898-3621 

FAX: 513-898-8624 


1-800-999-0009 — 


for name of your local sales office 


Vil 


helpful motion control technology 


Lucas Ledex 
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NEW IDEAS IN ELECTRONICS DESIGN 


from ff TAB Professional and Reference Books 


SIGNAL : 
PROCESSING 
DESIGN 

TECHNIQUE 


SWITCH-MODE POWER 
SUPPLY DESIGN. 


P.R.K. Chetty. Effectively utilize power electronics: 


with this solid sourcebook. Using actual application 
examples, it covers hardware design, techniques 
for improving reliability, and pulse width modula- 
tor ICs. $22.95 


CIRCLE NO 12 TO ORDER 


ELECTRONIC DISPLAY DEVICES. 


R.A. Perez. Supported by technical information 
from over 250 manufacturers, this exceptional 
guide helps you choose from among CRTs, VFDs, 
ELDs, plasma displays, LEDs, and incandescent 
lamps. $39.95 


CIRCLE NO 13 TO ORDER 


THE ENCYCLOPEDIA OF 
ELECTRONIC CIRCUITS. 


R.F. Graf. “a good quick reference for professionals 
who need fast answers to specific design prob- 
lems.”’ —Industrial Process and Control Maga- 
zine. Over 1,700 of the most useful and versatile 
Circuit designs. $60 
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ENGINEERING DESIGN: 
RELIABILITY, MAINTAINABILITY 
AND TESTASBILITY. 


J.V. Jones. Ensure your designs are reliable, easy 
to maintain, and repairable. Based on Jones’ wide 
experience in both industry and the Department of 
Defense. $34.50 
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CALL TOLL FREE 1-800-323-4958 


ELECTRONIC 
DISPLAY 


DEVICES 


? oe ge o in 


ne NR 


CRASS 8. PER 


AND I 
APPLICATIONS 


SIGNAL PROCESSING DESIGN 
TECHNIQUES. 


B. Rorabaugh. Exploring both signal processing 
theory and practical design methods, this invalu- 
able reference is a must for engineers, technicians, 
and circuit designers. Over 200 diagrams and 
schematics. $32.50 


CIRCLE NO 16 TO ORDER 


SATELLITE TECHNOLOGY 
AND ITS APPLICATIONS. 


P.R.K. Chetty. Designed to save time and effort, this 
comprehensive book will help you solve problems 
of design, analysis, and applications. Over 300 
illustrations. $39.95 
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ISDN IN THE INFORMATION 
MARKETPLACE. 


R. K. Heldman. Written by the Director of Techni- 
cal Strategies for US West, this handbook assists 
you in planning for and taking advantage of the op- 
portunities available through telecommuni- 
Cations. $34.95 


CIRCLE NO 18 TO ORDER 


VERSACAD® TUTORIAL: 
A PRACTICAL APPROACH TO 
COMPUTER-AIDED DESIGN. 


C. Buehrens. Features tried-and-true techniques 
applicable to all versions of the software including 
releases 4.0, 5.0, 5.1, 5.2, and 5.3 as well as 
Omnidraft Version 1.0. $28.95 


CIRCLE NO 19 TO ORDER 


ENGINEERING 
DESIGN 


RELIABILITY 
MAINTAINABILITY 


a DATA 
AL MORLEY en ACQUISITION 


CONTROL 


MICROCOMPUTER 
APPLICATIONS 


SCIENTISTS AND 
ENGINEERS == 


M.S. Morley. Save time and conserve design costs 
with this vital reference on digital ICs. Covers gates, 
inverters, transceivers, multiplexers, RAMs and 
PROMs, microprocessors, switching circuits, and 
much more. $49.50 


CIRCLE NO 20 TO ORDER 


AUTOCAD®: METHODS AND 
MACROS. 


J. Guenther, E. Ocoboc, and A. Wayman. Every- 
thing you need to build a working understanding 
of the features, capabilities and commands of 
AutoCAD is here in this definitive guide. $29.95 


CIRCLE NO 21 TO ORDER 


DATA ACQUISITION AND CONTROL: 
MICROCOMPUTER APPLICATIONS 
FOR SCIENTISTS AND ENGINEERS. 


J.J. Carr. Examine the latest available methods and 
equipment in use today. Covers process con- 
trollers, op amps, transducers, and more. $32.95 


CIRCLE NO 22 TO ORDER 


TO ORDER For 15-pay, FREE EXAM: 


Call toll free or circle the appropriate number(s) on 
the Reader Service Card at the back of this maga- 
zine. Your book(s) will be sent to you for a 15-day 
exam. If you are satisfied, pay the purchase price 
plus postage and handling. Otherwise return the 
book(s) by the end of the 15-day period and owe 
nothing. 


In IL call 
312-390-2755 


CAE3 
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LOOKING AHEAD 


Logic-design automation 
is ready for takeoff 


A relatively new area of CAE has 
the potential to revolutionize hard- 
ware design within the next few 
years, according to Dataquest Inc 
(San Jose, CA). Logic-design auto- 
mation (LDA) tools help engineers 
specify, create, and optimize their 
designs. They promise to improve 
productivity and save both time and 
money. These software packages of- 
fer a complement to rather than a 
replacement for standard CAE 
tools. They solve up-front problems 
and, if properly integrated, feed 
easily into exisiting CAE setups. 
Although sales of these tools net 
just $5 million today, Dataquest 
predicts that the market will be 
worth $115 million by 1992. 

Dataquest defines LDA tools as 
software that starts with a circuit 
description, either textual or sche- 
matic, and user-supplied objectives, 
like path delays. The software then 
generates, without operator inter- 
vention, a net list, a schematic, or 
recommendations for changing a 
schematic. LDA tools can thus in- 
clude the complex tools that pro- 
duce schematics from behavioral 
languages as well as the simplistic 
tools that convert truth tables into 
PLA formats. 

Some engineers, particularly in 
academic circles, have applied the 
term “logic synthesis” to some of 
the tools that, by Dataquest’s defi- 
nition, are LDA tools. But LDA 
should really mean automation, not 
synthesis. It’s a broader term than 
logic synthesis. LDA also defines a 
market niche, whereas synthesis 
describes a technology. 

LDA tools can be divided into 
three function categories: specifica- 
tion and architectural analysis, logic 
optimization and minimization, and 
technology selection and instantia- 
tion. Specification and analysis tools 
can be simple mapping systems for 
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PLD programming. Or they can be 
sophisticated ones, like those that 
let engineers express designs as 
high-level flows, controls, and tim- 
ing in a variety of formats that the 
tools can then analyze. 

The category of logic optimization 
and minimization encompasses tools 
that use all the logic available as 
effectively as possible and then 
either modify the schematics di- 
rectly or provide suggestions for 
improvements. These tools improve 
the quality of a design. 

Technology selection and instan- 
tiation tools aid in both technology 
selection and the presentation of 
the design in a concrete form. Thus 
some packages might be able to pre- 
dict the performance of a given de- 
sign as a standard cell and as a gate 
array. Other tools might automati- 
cally convert an existing board 
schematic into a gate or transfer 
from one gate-array vendor’s li- 
brary to another. These options 
give the engineer a good deal of 
technology independence. 

Potentially, LDA can give de- 
signers short-term dollar savings 
and long-term productivity gains. 
In the short run, designers can ob- 
tain quick access to the lowest-cost 
technology or ASIC vendor. They 


can also realize significant reduc- 
tions in circuit size and cost, while 
reducing the time they spend on iso- 
lated schematic entry errors. In ad- 
dition, the start-up costs of LDA 
are relatively low. 

In the long run, engineers will 
find that they can evaluate tech- 
nologies and architectures in paral- 
lel early on in the design process 
and optimize specifications and 
schematics simultaneously. Fur- 
thermore, they have some flexibil- 
ity when it comes to technologies. 

Dataquest predicts that compa- 
nies will be quick to adopt these 
new tools and that the real issues 
that may slow market growth in- 
volve the quality of the LDA prod- 
ucts themselves. Specifically, LDA 
vendors must deliver fully working 
tools that are reliable and produce 
correct designs. Secondly, LDA 
tools must preserve the customers’ 
CAE equipment, working along 
with it. And thirdly, LDA vendors 
must consider other technologies 
that are moving into the CAE mar- 
ket. Trends toward system-level 
design, behavioral simulation, and 
description languages will be creat- 
ing their own effects in the CAE 
marketplace. LDA tools should 
take these trends into account. 


331 


Molex Is Making The Connection Between.. 


Eleven different components are your building blocks 
for thousands of interconnection solutions. 

Molex’s unique family of KK® connectors provide the flexibility 
you need to build interconnections precisely suited to your applications. 
Choose either tin or cost-effective selective gold plating, .100” or 
.156” center spacing. Crimp, solder, or insulation displacement 
termination ...top, side, or bottom pin entry. ..break-to-size pin 
saci .they’re all standard in thousands of demanding applications. 


een aes 


The KK® connector is just one Intensive OC programs 
example of how we take a total Systems provide reliable connectors 
approach. that stand up to tough 

® : environmental conditions 
The KK® System includes a complete in a wide range of 


line of wire termination tooling from simple electronic applications. 
hand crimp tools to the latest automated 
insulation displacement technology. The 
System also features sophisticated pinsetting 
equipment. Molex goes beyond merely 
supplying connectors to help today’s 
manufacturers achieve lower installed costs. 


Dependable service worldwide. 

Our multi-national organization 
_ offers you interconnection design, 
manufacturing, and technology from 
around the globe, with dependable 
supply and local service. 
Molex distributors stock 
the full line of flexible 
. KK®connectors for 
your every need. 


LaLa LLL LLL L LLL LETTE ETRE NED 


Le TULLE ED 


Service To The 
Customer. ..Worldwide 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL,60532 USA, (312) 969-4550 + European Headquarters: Munich, West Germany, 49-89-4960937 
Northern Asia Headquarters: Tokyo, ey 03-487-8333 « utheast Asia Headquarters: Jurong Town, Singapore, 65-265-4755 
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We build anonymous modems 


Some of our best OEM customers 
don’t want to be identified; we 
understand. They’re among the 
world’s leading suppliers of com- 
puters, intelligent terminals, 
graphics and engineering work- 
stations and other equipment 
that requires built-in data 
communications capability. 
These well-known companies 
have selected UDS as their modem 
supplier because we provide front- 


Created by Dayner/Hall, Inc., Winter Park, Florida 


running technology, superb manu- 
facturing capability, unmatched 
customer support...and discretion. 
In a word, UDS modems give their 
products the kind of reliability 
they like to claim as their own. 

UDS has a broad selection of 
OEM “standard” designs on file; 
we also offer industry-leading 
capability for the development of 
custom boards. Combined, these 
two approaches have already 


(MA) MOTOROLA INC. 


for our famous friends 


placed more than 3,000 modem 
designs into active field service. 
If you’re one of the big boys 
— or if you want to solve data- 
comm problems the way the big 
boys do — find out what UDS 
recommends as a cost-effective 
solution for you. Contact Universal 
Data Systems, 5000 Bradford 
Drive, Huntsville, AL 35805. 
Telephone 205/721-8000; 
Telex 752602 UDS HTV. 


Universal Data Systems 
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At Signal, our standard transformers 
have become the industry's custom. 


We didn’t start out as the market lead- 
er. And it didn't just happen. We work- 
ed at it. Every day. Finding out what 
you need. Paying attention to what you 
said. Pretty soon, we were doing more 
than recognizing the trends. We were 
helping to create them. 

We've got the list of transformers to 
prove it. Our SPLIT/TRAN® split bob- 
bin transformer...the one that intro- 
duced non-concentric windings. The 
FLATHEAD®, featuring low profile 
split bobbin designs for low height 
and dense board stacking. Our 2-4-1™ 
Series — high efficiency transformers 


at a low cost. Plus our VDE certified 
ONE-4-ALL™. And the compact,: high 
power MORE-4-LESS™. 

Every one of these is now an indus- 
try standard. Yet they're just part of a 
broad line of UL, and often VDE, ap- 
proved products that deliver repeat- 
able performance time after time. (On 
most transformers CSA certification 
is also available.) 

We set the trends in services, too. So 
you can count on immediate delivery 
from an inventory of over 1,000 differ- 
ent transformers and chokes. With our 
PRONTO service, we'll ship in moder- 


ate quantity within 24 hours. Or, say 
the word, and we'll ship your order JIT. 

Best of all, you get our expertise, 
service and reliability...and still pock- 
et real savings. How? We sell direct. 
There are no salesman. And no mid- 
dleman mark-ups. 

Call today for our free catalog. And 
get accustomed to our high quality 
standards for yourself. 
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